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TRANSMITTER 
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INTRODUCTION 


ThiS DOCUMENT DESCRIBES THE SPACE SHUTTLE SYSTEM AS IT 
KfcLATtS TO PAYLOADS. ITS PURPOSE IS TO PROVIOE POTENTIAL 
UaERS UP THE SPACE SHUTTLE KITH A UNIFORM BASE CF 
iNPuRMAT ION CN THE ACCOMMODATIONS BETWEEN THE PAYLOAD AND 
THE SHUTTLE. BY UTILIZING THIS INFORMATION, PRELIMINARY 
PAYLuAU PLANNING AND OESIGN STUDIES CAN BE EVALUATED AND 
CuMPARtU AGAINST A COMMON SET OF SHUTTLE/PAYLOAD 

ACCOMMODATIONS. THIS INFORMATION ALSO MINIMIZES THE 
NECESSITY FOR EACH PAYLOAD STUDY TO DEVELOP INFORMATION ON 
THE SHUTTLE CONFIGURATION. 

this document describes a baseline configuration of the 

SPACE SHUTTLE SYSTEM WHICH IS CONSISTENT WITH CURRENT 
PROGRAM REQUIREMENTS APPROVED BY THE SPACE SHUTTLE PROGRAM 
UFFICt, HOWEVER, IT SHOULD NOT BE CONSIDERED AS A SHUTTLE 
PROGRAM CONTROL CR REQUIREMENTS DOCUMENT. 

THt SPACE SHUTTLE PROGRAM REQUEST FOR PROPOSAL (RFP) NUMBER 
S-bC42i— 67— 2— 40P RELEASED TC INDUSTRY ON MARCH 17, 1972, 

WITH ANY SUBSEQUENT PROVISIONS, IS THE PRIMARY AND 

CUNIRULLING SOURCE DOCUMENT FOR THIS ISSUE. PARTS OF THE 
RFP ARE REPEATED WIThIN BOTH FOR CONTINUITY AND TO ELIMINATE 
THt NEEU FOR MANY CF THE PAYLOADS COMMUNITY TO REQUEST THE 
RFP. 

SUMMARY LEVEL INFORMATION ON SPACE SHUTTLE CONFIGURATION, 
PRELIMINARY, PERFORMANCE DATA, AND OPERATION PHILOSOPHY ARE 
oRIEPLY DESCRIBEC. INFORMATION CN PAYLOAD INTERFACES, AS 
RELATED TO SHUTTLE OPERATIONS, SUBSYSTEMS, ENVIRONMENT, 
SAFETY, ANO SUPPORT EQUIPMENT, IS ALSO INCLUDEO. THE SPACE 
SHUTTLC PRELIMINARY CESIGN PHASE TC BE INITIATED SCON WILL 
PRuWlUE INDEPTH INFORMATION CN ORB ITER CHARACTERISTICS. 

CORRESPONDENCE REGARDING LEVEL I PROGRAM REQUIREMENTS, 
GUIDELINE, ANO PLANNING SHOULD BE ADDRESSED TO NASA HQ. 
IIcMS RELATIVE TC GENERAL PROGRAM REQUIREMENTS AND 
I NT ERG ENTER PROGRAM INTERACTIONS SHOULD BE ADDRESSED TO THE 
MSO SPACE SHUTTLE PROGRAM OFFICE. INFORMAL COMMENTS AND 
QUESTIONS ON TECHNICAL DET AILS SHOULD BE ADDRESSED TO THE 
MSC PAYLOADS ENGINEERING OFFICE. PLEASE DIRECT THE 
INwUIKitS TO THE FOLLOWING INDIVIDUALS- 

J. L. HAMMERSMITH 
PAYLCAO OFFICE COCE MHL 
SPACE SHUTTLE PROGRAM 
NASA HQ 

WASHINGTON C.C. 20546 
202-755-8636 
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J.. C, HEBERLIG 

PAYLOADS COORDINATION OFFICE CODE LA13 
NASA— PSC 

HOUSTON, TEXAS 77058 
713-483-2372 

H. P. CAVIS 

PAYLGAOS ENGINEERING OFFICE CODE ER4 
NASA-KSC 

HGUSTCN , TEXAS 77058 
713-483-3681 
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SPACE SHUTTLE SYSTEM 


GENERAL PAYLOAD ACCCMMCDAT IONS 


CAPABIL ITY/CHARACTERIST IC 


STRUCT JR AL/MECHAMCAL 

MAX. PAYLOAD NT. 65.000 LBS 

(LAUNCH) 

MAX. PAYLOAD NT • AO, 000 LeS NOMINAL, UP TO 65,000 LBS WITH 
( LAND I NG ) REDUCED SAFETY FACTORS 

PAYLOAD ENVELOPE 15 FT. CIA. BY 60 FT. LENGTH 

PAYLOAD C.G. FIGURE 2.1 

OOCKING PORT I.D. 1.0 METER 

UUCKlNu PARA~ LATERAL MISALIGNMENT 

METERS ANGULAR MISALIGNMENT 

ROLL MISALIGNMENT 
CLOSING VELOCITY 


PAYLuAD ALIGN- 
MENT IN BAY 0.5 DEG 


tLtcTRICAL POWER 

VOLTAGE 30 VDC NOMINAL 

LU AD CRBITER OPERATION PERIOOS 1000 WATTS AVG. 

1500 WATTS PEAK 
ON-ORBIT COAST PERIODS 3000 WATTS AVG. 

6000 WATTS PEAK 

ENERGY 50 KWH CEOICATED 

REDUNDANT DC BUSSES IN PAYLOAD BAY 


♦ C. 5 FT. 
♦/— 5. 0 DEG 
7.0 DEG 
0.5 FPS 


i. 000 


1.100 


ITEM 


SOURCE 
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GUI DANCE AND NAVIGATION 


URblT NAVIGA- 

STDN 

1000 

FT. 

TION ACCURACIES 

STAR/HOR IZQN 

4000 

FT. 


GROUND/ BEACON 

1000 

FT. 


HORIZON/ EE ACON 

700 

FT. 


TORS 

300 

TO 1000 FT 


LANDMARK 

2000 

FT. 


RENDEZVOUS RANGE 300 N. MILES WITH COOPERATIVE TARGET 
ATT JLTUOE 

PuiNlING ACCURACY 0.5 DEG 


STAbi LIT Y RATE 
UcAUbANU 


TBD 

0.5 DEG. 0.1 DEG 


DATA MANAGEMENT 
COMPUTATION 
DATA TRANSFER 
DATA DOWNLINK 
DATA. UPLINK 


10*000 32 BIT WORDS 

25.000 BPS VIA DATA BUS 

265.000 BPS DIGITAL DATA, TV, AND VOICE 

2.000 BPS 


ENVIRONMENTAL CCNTRCL/L IFE SUPPORT 


PfcKSUNNt L ACCOM- A MEN, 7 CAYS NOMINAL 

MUDATIUnS 42 MAN-DAYS WITHOUT SYSTEM CHANGES 

10 MEN WITH MINOR CHANGES 

30 DAYS WITH ADDITIONAL CCNSUMMABLES 


CAblN ATMOSPHERE 14.7 PSIA 

20 PERCENT OXYGEN, 80 PERCENT NITROGEN 
65 DEG - 80 DEG F CONTROLLED TEMPERATURE 
HUMIDITY CONTROL 
CONTAMINATION CONTROL 
CARBON DIOXIDE CONTROL 


WASTE MANAGEMENT WATER STORAGE 24 HOURS 


ACIIVE 1HERMAL 

CONTROL 


ORBITER OPERATIONS 5200 BTU/HR 
CN-CRBIT COAST TBO 


PAT LOAD BAY ENVIRONMENT 


ACuUsT 1C 


LESS THAN 145 DB OVERALL 
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VIBRATION LESS THAN CURRENT LAUNCH VEHICLE 

ACCELERATION X Y Z 

LAUNCH 1.5+/-1.0 ♦✓-0.25+/-0.5 ♦/-O. 25^/-0. 5 


MAX. 

BOOST 3.0+/-0.25 

♦/— 0.2 ♦/— 0.25 

♦ /— 0. 3 ♦/— 0.25 

ENTRY 

-I 

♦ /- 0.5+/-0.25 

-3 ♦/— 0. 5 

thermal 


MIN (DEG F) 

MAX (OEG FJ 


♦PRELAUNCh 

♦ AO 

♦ 120 


LAUNCH 

♦ AO 

♦ 150 


CN-ORBIT 

-100 

♦ 150 


♦ENTRY ♦ POSTLANDING 

-100 

♦ 200 


*GSE CCND IT IONAL AIR AVAILABLE 
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l./OlOO 


1.20200 


CONFIGURATION DESCRIPTION 


SPACE SHUTTLE VEHICLE 


THE SPACE SHUTTLE SYSTEM CONSISTS OF AN ORBITER 
WITH AN EXTERNAL PROPELLANT TANK ANO TWO SOLIO 
ROCKET MOTORS CSRM'S). FIGURE 1.1 SHOWS THE 
SHUTTLE SYSTEM AS THE VEHICLES ARE COMBINED FCR 
THE LAUNCH AND INITIAL BOOST PHASES OF THE 
MISSION. ALTHOUGH THE ORBITER VEHICLE IS 
REUSABLE, ITS PROPELLANT TANKS ARE EXPENDED CN 
EACH MISSION. 


ORBITER VEHICLE 


THE BASELINE ORBITER IS A MANNED REUSABLE 
DELTA-WINGED VEHICLE {FIG. 1.21. CONTAINED 
WITHIN THE MAIN FUSELAGE OF THE ORBITER ARE THE 
CREW COMPARTMENT, A PAYLOAD BAY CAPABLE OF 
ACCOMMODATING SINGLE OR MULTIPLE PAYLOADS UP TO 
15-FCCT DIAMETER BY 60-FOOT LONG, SUPPORT 
SUBSYSTEMS, AN ORBITAL MANEUVERING SYSTEM, AND THE 
MAIN PROPULSION SYSTEM ENGINES. PROTECTION 
AGAINST AEROOYNAM IC HEATING IS PROVIDED DURING 
ASCENT ANC REENTRY eY AN EXTERNAL THERMAL 
PROTECTION SYSTEM. 

AERCCYNAMIC FLIGHT IS CONTROLLED THROUGH THE 
ELEVENS ANC RUDDER, WHILE SPACE-ATTITUDE CONTROL 
IS ACCOMPLISHED THROUGH REACTION CONTROL SYSTEM 
THRUSTERS WHICH ARE ATTACHED TO THE VEHICLE AS 
MODULES. TO INSURE PROPER AERODYNAMIC CONTROL 
DURING ENTRY ANO ATMOSPHERIC FLIGHT PHASES, THE 
LOCATION OF PAYLOAD LONGITUDINAL CENTER-OF-GR AV I T Y 
MUST BE MAINTAINED WITHIN SPECIFIED LIMITS. 
MULTIPLE SETS OF PAYLOAD ATTACHMENT POINTS PROVIDE 
THE CAPABILITY TC RESTRAIN AND LOCATE THE PAYLOAD 
WITHIN THE ORBITER WITHIN THESE LIMITS. 

PAYLCAD HANDLING DURING ORBITAL OPERATIONS 
NORMALLY IS ACCOMPLISHED BY A STANCARD DEPLOYMENT 
AND RETRIEVAL MECHANISM. THE CONCEPT SELECTED FOR 
THIS BASELINE IS A PAIR OF MANIPULATOR ARMS 
ATTACHED TC THE FORWARD BULKHEAD OF THE PAYLOAD 
BAY. THESE ARMS ARE STOWED BENEATH THE PAYLOAD 
BAY DCCPS WHICH OPEN TC DISCLOSE THE FULL LENGTH 
AND WIOTH CF THE PAYLOAD BAY. THE MANIPULATORS 
PERFORM MULTIPLE FUNCTIONS WHICH INCLUDE PAYLOAD 



NASA-S-72-1429-S 


SPACE SHUTTLE SYSTEM 


PARALLEL BURN 



FIGURE - l.l 




N ASA-S-72-1619-S 


SPACE SHUTTLE ORBITER 


BASELINE - FEB 72 




80 FT 







PAYLOAD 
15 FT DIA 
60 FT LONG 


VACUUM THRUST 
HIGH 

PERFORMANCE 
h 2 /o 2 ENGINE 


120 FT 


FIGURE - 1.2 
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ERECTION, DEPLOYMENT, RETRIEVAL, AND STOWAGE BACK 
IN THE PAYLOAD BAY. MANIPULATORS ALSO CAN SERVE 
TO ASSIST COCKING THE ORBITER WITH ANOTHER 
ORBITING ELEMENT. CONTROL OF MANIPULATORS IS 
ACCOMPLISHED BY AN OPERATOR LOCATED ON THE FLIGHT 
DECK. 

DURING ORBITAL OPERATIONS, PAYLOADS CAN BE DOCKED 
TO THE ORBITER, REMAIN WITHIN THE PAYLOAD BAY, OR 
BE DEPLOYED ANC RELEASED FROM THE ORBITER. 
AIRLOCKS AND/OR HATCHES ARE PROVIDED TC PERMIT 
SHIRTSLEEVE ACCESS TO PRESSURIZED PAYLOADS AND 
PRESSURE SUIT ACCESS TO THE UNPRESSURIZED PAYLOAO 
BAY. 

THE ORBITER CREW COMPARTMENT HOUSES THE FLIGHT 
CREW, PASSENGERS, CONTROLS AND DISPLAYS, AS WELL 
AS MOST OF THE AVIONICS AND ENVIRONMENTAL CONTROL 
SYSTEM. AN UPPER DECK PROVIDES CREW STATIONS TC 
ACCOMPLISH ALL FLIGHT OPERATIONS OF THE ORBITER 
AND CONTROL OF THE MANIPULATOR SYSTEM. PROVISIONS 
FOR PAYLCAC MONITORING, PASSENGER ACCOMMODATION, 
ELECTRONICS, ANC ENVIRONMENTAL CONTROL/LIFE 
SUPPORT SYSTEMS ARE INCLUDED ON A LOWER DECK. 
THE ENTIRE COMPARTMENT IS TEMPERATURE, PRESSURE, 
HUMIDITY, AND ATMOSPHERE CONTROLLED TO PROVIDE A 
SEA LEVEL TYPE * SHIRT SLEEVE # ENVIRONMENT FOR THE 
PERSONNEL AND EQUIPMENT. A CREW OF FOUR CAN BE 
ACCOMMODATED IN THE PRESSURIZED CABIN FOR A 
BASELINE MISSION DURATION OF 7 DAYS. UP TO SIX 
ADDITIONAL PERSONS CAN BE ACCOMMODATED FOR SHORTER 
DURATION MISSIONS WITH MINOR CHANGES TO THE CABIN 
INTERIOR. THE ORBITER DESIGN ALSO HAS THE 
CAPABILITY TO EXTEND THE ORBITAL STAY TIME UP TC 
30 DAYS. FOR MISSIONS IN EXCESS OF 7 DAYS, THE 
WEIGHT OF THE EXPENDABLES SHALL BE CHARGED AGAINST 
THE PAYLCAC. 

THE ORBITER AVIONICS SYSTEM PROVIDES THE FUNCTIONS 
FOR GUIDANCE, NAVIGATION, AND CONTROL IFOR THE 
ORBITER AND FOR THE MATEO ORB ITER /BOOSTER J , 
COMMUNICATIONS, LIMITED AVIONICS EQUIPMENT 
PERFORMANCE MONITORING AND ONBOARD CHECKOUT, 
ELECTRICAL POWER DISTRIBUTION, CONDITIONING AND 
CONTROL, TIMING, AND DISPLAYS AND CONTROLS. 
CERTAIN OF THESE CAPABILITIES CAN BE TIME SHARED 
FOR SUPPORT OF PAYLOADS. THESE INCLUDE 
CAPABILITIES FOR ELECTRICAL POWER DISTRIBUTION AND 
CONTROL, MASTER CAUTION AND WARNING, NAVIGATIONAL 
INITIALIZATION, AND COMMUNICATIONS. ORBITER 
AVIONIC SYSTEM ALSO PROVIDES COMPUTATION 
CAPABILITY FOR OATA PROCESSING AND CONTROL FOR 
LIMITED FUNCTIONAL END-TO-END CHECKOUT OF 
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1.300 


1.30100 


1.30200 


1.30101 


OPERATIONS 


PROGRAM OBJECTIVES 


THE BASIC OBJECTIVES OF THE SPACE SHUTTLE PROGRAM 
ARE TO DEVELOP A SYSTEM WHICH CAN ECONOMICALLY 
DELIVER PAYLOADS TO ORBIT, PERFORM ORBITAL 

OPERATIONS , RETURN FROM ORBIT, AND BE REFURBISHED 
FOR REUSE. THE BASIC OPERATIONAL OBJECTIVE IS TO 
OPTIMIZE SHUTTLE SUBSYSTEM DESIGN, GROUND 

DEPENDENCE, AND OPERATIONS CONCEPTS TO PROVIDE 
MAXIMUM PROBABILITY OF MISSION SUCCESS AT MINIMUM 
RRCGRAM CCST • SPECIFIC OPERATIONAL CRITERIA ARE 
AS FCLLCWS- 

A. LONG TERM COMBINED STORAGE AND OPERATIONAL 
SERVICE LIFE 

B. TOTAL VEHICLE TURN AROUND TIME FROM ORBITAL 
MISSION LANDING TO LAUNCH READINESS, LESS 
THAN 14 CALENDAR DAYS 

C. DESIGN REQUIREMENT OF INTACT ABORT 

D. BASELINE MISSIGN DURATION OF 7 DAYS 

E. HCRIZCNTAL LANCING 


MISSIGN PHASES 


BASICALLY, THE MISSION PHASES OF THE SPACE SHUTTLE 
SYSTEM ARE PRELAUNCH, LAUNCH, ASCENT, ORBITAL 
OPERATIONS , DEORBIT ANC LANDING, POSTLANDING, AND 
REFURBISHMENT. THESE PHASES REPRESENT THE TYPICAL 
OPERATIONAL SEQUENCE ILLUSTRATED IN FIGURE 1.3. 

PRELAUNCH - PRELAUNCH OPERATIONS START WITH THE 
INITIAL CHECKOUT AND PREPARATION OF THE SPACE 
SHUTTLE FCR A PARTICULAR MISSION. PAYLOAC 
DETAILED SUBSYSTEM CHECKOUT AND PREPARATIONS ARE 
CONDUCTED INDEPENDENT CF THE ORBITER PREPARATIONS, 
AND ARE COMPLETED PRIOR TO INSTALLATION OF THE 
PAYLCAC IN THE ORBITER. UPON COMPLETION OF THE 
ORBITER AND PAYLCAD INDEPENDENT CHECKS, THE 
PAYLCAC IS INSTALLED IN THE ORBITER PAYLCAD BAY. 
FOLLOWING PAYLOAC INSTALLATION, PAYLCAD AND 
ORBITER SYSTEM INTERFACES ARE VERIFIED FCR 
CONTINUITY AND SAFETY. NEXT, THE ORBITER WITH AN 




FIGURE - 1.3 
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l.JQZUZ 


i. JUZUJ 


l.i0Z04 


EXTERNAL PROPELLANT TANK IS ATTACHED TO THE SRM'S 
AND VEHICLE INTERFACE CHECKS ARE PERFORMED- IN 
THIS CONFIGURATION, THE SPACE SHUTTLE SYSTEM IS 
MATED TO THE LAUNCH UMBILICAL TOWER FOR 
TRANSPCRTATICN TG THE LAUNCH PAD. 

LAUNCH - FOLLOWING TRANSPORTATION TO THE PAO, 
FINAL LAUNCH REACINESS OF THE SPACE SHUTTLE SYSTEM 
AND FINAL VERIFICATION OF THE PAYLOAD STATUS PLUS 
LCACING OF ANY TIME CRITICAL ELEMENTS ARE 
ACCOMPLISHED. THE CREW AND PASSENGERS ENTER FOR 
THE TERMINAL COUNTDOWN AND LAUNCH AFTER THE 
PROPELLANTS ARE LOADED. 

ASCENT - LIFTOFF INITIATES THE MISSION SEQUENCE 
TIMERS, AND THE SRM'S AND ORBITER MAIN ENGINES 
PROPEL THE SPACE SHUTTLE TO THE OESIREO STAGING 
VELOCITY AND ALTITUDE. AT STAGING, THE SRM'S 
BURN CUT, AND THE SRM CASES SEPARATE FROM THE 
ORBITER. AFTER THE ORBITER ACHIEVES LOW EARTH 
ORBIT, THE ORBITER MAIN ENGINES ARE SHUT DOWN, THE 
MAIN TANK IS SEPARATED FROM THE ORBITER, AND THE 
TANK IS DECRBITEC BY A SMALL RETROROCKET. 

CRBITAL OPERATIONS - THE ORBITER ORBITAL 
MANEUVERING SYSTEM (OHS» ENGINES BURN THE ORBITER 
FROM THE INSERTION ORBIT TO THE DESIRED ORBITAL 
POSITION, CR TO A RENDEZVOUS WITH ANOTHER ORBITING 
ELEMENT. ATTITUDE CONTROL AND CRITICAL 
TRANSLATION MANEUVERS ARE PERFORMED BY THE ORBITER 
REACTION CONTROL SYSTEM IRCS) THRUSTERS. THE RCS 
ALLOWS THE ORBITER TO MAINTAIN THE DESIRED ORBITAL 
ATTITUDE FOR PAYLCAD OPERATIONS, OR TO PERFORM 
DOCKING MANEUVERS. WHEN THE ORBITER HAS ATTAINED 
THE DESIRED ORBITAL POSITION AND ATTITUDE, THE 
PAYLCAD IS READIED FOR OPERATIONS. PAYLOAD 
OPERATIONS OURING THE CRBITAL MISSION PHASE MAY BE 
PERFORMED WITH THE PAYLOAD STILL IN THE PAYLCAD 
BAY, ATTACHED TO THE ORBITER, OR DEPLOYED AND 
RELEASED FROM THE ORBITER. PAYLCAD OPERATIONS, 
WHICH MAY REQUIRE RADIO FREQUENCY (RFi AND/OR 
HARCLINE INTERFACE BETWEEN THE PAYLOAD, THE 
ORBITER VEHICLE, AND SOMETIMES THE GROUND, ARE 
CONCERNED WITH SUCH FUNCTIONS AS COMMAND AND 
CONTROL, DATA TRANSFER, MONITORING ANO CHECKOUT, 
TRACKING ANO RANGING, AND INSPECTION. PAYLOAD 
OPERATICNS, WHICH NORMALLY REQUIRE SOME PHYSICAL 
INTERFACE BETWEEN THE PAYLOAD ANO THE ORBITER 
VEHICLE, ARE CONCERNED WITH SUCH FUNCTIONS AS 
DEPLOYMENT, ERECTION CR RELEASE, LOGISTICS, 
MAINTENANCE, SERVICING, RETRIEVAL, RETRACTION, AND 
STOWAGE. PAYLCAD DEPLOYMENT ANO RETRIEVAL 
OPERATIONS GENERALLY WILL BE ACCOMPLISHED BY 
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REACTS MANIPULATOR ARMS MOUNTED TC AND SUPPLIED BY 
THE OReiTER VEHICLE • THESE ARMS RILL BE 
CONTROLLED FROM AN OPERATIONS STATION IN THE 
ORBITER CREW CABIN WITH VISUAL DISPLAYS, 
FLCCCLIGHTS* AND PREPROGRAMED COM PL TER CONTROLS TC 
ASSIST THE OPERATOR DURING THESE OPERATIONS. FCR 
PAYLCACS WHICH REMAIN ATTACHED TC ThE ORBITER, 
MCCULE DEPLOYMENT W ILL BE AVAILABLE IF REQUIRED. 
IF ERECTION OR DEPLOYMENT IS REQUIRED, THE 
MAN I PULAT CPS OR PAYLOAD SUPPLIED SPECIAL 

MECHANICAL SYSTEMS CAN BE USED. 

i.jOLOa DECRBIT AND LANCING - UPON COMPLETION CF THE 
ORBITAL OPERATIONS, THE ORBITER IS PREPARED FCR 
DECREIT AND ENTRY. THIS EVENT IS INITIATED BY THE 
FIRING OF THE OMS ENGINES TG PROVIDE SLFFICIENT 
DELTA-V TC OEORBIT THE ORBITER, AND ORIENTING THE 
ORBITER TC THE PROPER ANGLE CF ATTACK TO 
ACCOMPLISH ENTRY. CURING REENTRY, THE ORBITER IS 
PROTECTED eY AN EXTERNAL THERMAL PROTECTION SYSTEM 
WHICH INSULATES STRUCTURE AND PAYLOAD FROM THE 
REENTRY AERODYNAMIC HEATING. FOLLOWING REENTRY, 
THE ORBITER CHANGES ATTITUDE FOR ATMOSPHERIC 
FLIGHT TC THE LANCING SITE. AFTER ACQUISITION CF 
THE LANCING SITE, THE ORBITER MAKES A FINAL 
APPROACH AND HORIZONTAL LANDING. 

i.jucot, POST LANDING - FOLLOWING LANCING, THE OREITER IS 
TOWED TC THE SAFING AREA WHERE THE CREW AND 
PASSENGERS DISEMBARK. AFTER A COOLDOWN PERIOD CF 
1TBDJ, CRITICAL PAYLOAD ITEMS MAY BE REMOVED FROM 
THE PAYLCAC BAY CR SUPPORTED BY GROUND SUPPORT 
EQUIPMENT IGSE I . THE ORBITER AND PAYLOAD ARE THEN 
DEFUELED AND SAFEC. UPON COMPLETION OF THE SAFING 
OPERATIONS, THE ORBITER IS TOWED TO THE 
MAINTENANCE AND REFURBISHMENT BUILCING. 

x._>OiO / MAINTENANCE AND REFURBISHMENT - IN THE MAINTENANCE 
AREA A RECOVERED CP NON— DEPLOYED PAYLOAD FROM THE 
ORBITER AND RETURNED TC THE PAYLOAD SERVICE AREA, 
WHILE SCHECULED REFURB ISHMENT WORK IS STARTED CN 
THE CRfcITER SUBSYSTEMS. TYPICAL ITEMS FOR ORBITER 
REFURBISHMENT INCLUDE SELECT THERMAL PROTECTION 
SYSTEM PANELS, ENVIRONMENTAL ANC LIFE SUPPORT 
SYSTEM CANISTERS AND FILTERS, AND ANY MAINTENANCE 
ITEM NOTED OURING FLIGHT. WITH THE COMPLETION CF 
THE MAINTENANCE AND REFURBISHMENT WORK, THE 
ORBITER IS PREPAREC FOP THE PRELAUNCH OPERATIONS 
CF THE NEXT MISSION. 
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1. J030Q 


SHUTTLE ABORTS 


A RECUIREMENT OF THE SHUTTLE IS THE INTACT ABORT 

AND RECOVERY OF THE CREW* OR8ITER* AND PAYLOAD. 

TC PRCVICE THIS CAPABILITY, THE SHUTTLE HAS 

SEVERAL ABORT MODES AVAILABLE FOR THE VARIOUS 

PHASES OF THE MISSION. 

THE PERFORMANCE CAPABILITY TO MEET THIS 

RETIREMENT IS AS FGLLCWS- 

A. CREW ANC PASSENGER INSERTION THROUGH LAUNCH 
COMMIT - THE SHUTTLE PROVIDES EMERGENCY 
EGRESS FOR CREW AND PASSENGER EVACUATION TO A 
SAFE AREA IN A MAXIMUM TIME OF 2 MINUTES. 

B. LAUNCH CGMMIT THROUGH RETURN- TO— SITE - THE 
SHUTTLE HAS THE CAPABILITY OF INTACT ABORT 
AND RETURN TO THE LAUNCH SITE. OFF-THE-PAD 
ABORT WILL UTILIZE SEPARATE ABORT SRM'S. THE 
SYSTEM DESIGN WILL INCLUDE PROVISIONS FOR 
EXTERNAL TANK SEPARATION AND DISPOSAL. 

C. RETURN-TO-SITE THROUGH ORBIT INSERTION - THE 
ORBIT ER HAS THE CAPABILITY IWITH ONE MAIN 
ENGINE OUT J TO ABCRT ONCE AROUND AND RETURN 
TO THE PRIMARY LANDING SITE FROM THE POINT IN 
THE FLIGHT TRAJECTORY WHERE A DIRECT RETURN 
TC SITE CAPABILITY ENOS. 

D. CRB IT AL AND REENTRY - THE ABORT MACE AFTER 
ORBIT INSERTION WILL BE EARLY MISSION 
TERMINATION AND RETURN TO A SUITABLE LANDING 
SITE. 
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i.400 PERFORMANCE 


1.40100 PERFORMANCE CAPABILITIES 


THE REFERENCED MISSIONS FOR THE SPACE SHUTTLE ARE 
DESCRIBED IN THE FOLLOWING PARAGRAPHS AND ARE 
GIVEN TO DEFINE BAS EL I N£ PERFORMANCE CAPABILITIES 
ONLY. 

FOR PERFORMANCE COMPARISONS, MISSIONS 1 AND 2 WILL 
BE LAUNCHED FROM KENNEDY SPACE CENTER (KSC) INTC 
AN INSERTION ORBIT OF 50 BY 100 NAUTICAL MILES 
MISSION 3 WILL BE LAUNCHED INTO THE SAME INSERTION 
ORBIT FROM THE WESTERN TEST RANGE. THE MISSION 
ON-CRBIT TRANSLATIONAL DEITA-V CAPABILITY UN 
EXCESS OF THAT R ECU IR EC TO ACHIEVE THE INSERTION 
ORBIT AND THAT RECUIRED FOR ON— ORBIT AND ENTRY 
ATTITUDE CONTROL I IS STATED FOR EACH MISSICN AND 
INCLUDES ON-ORBIT CELT £-V RESERVES. THE REACTION 
CONTROL SYSTEM IRCSJ TRANSLATION DELTA-V REQUIRED 
FOR EACH MISSICN IS USED TO ACCOMPLISH ALL 
RENDEZVOUS AND DOCKING MANEUVERS AFTER TERMINAL 
PHASE INITIATION. 

MISSION 1 IS A PAYLOAD DELIVERY MISSION TO A ICC 
NAUTICAL MILE CIRCULAR ORBIT. THE MISSION WILL BE 
LAUNCHED DUE EAST , AND REQUIRES A PAYLOAD 
CAPABILITY OF 65,000 POUNDS WITH THE ORBITER 
VEHICLE AIRBREATHING ENGINES REMOVED. THE PURPOSE 
OF THIS MISSION WILL BE ASSUMED TO BE PLACEMENT 
ANC/CR RETRIEVAL Of A SATELLITE. THE ORBITER 
VEHICLE CN-ORBIT TRANSLATIONAL DELTA-V REQUIREMENT 
IS 950 FEET PER SECOND I FPS I FROM THE ORBITAL 
MANEUVER SUBSYSTEM (QMS) AND 120 FPS FROM THE RCS. 

MISSICN 2 IS A RESUPPLY MISSION TO AN ORBITAL 
ELEMENT IN A 270 NAUTICAL MILE CIRCULAR ORBIT AT 
55 DEGREES INCLINATION. THE RENDEZVOUS IS 
ACCOMPLISHED USING A 17-ORBIT CCELLIPTIC 
RENDEZVOUS SEQUENCE (SEQUENCE IS FOR REFERENCE 
ONLY). THE PAYLOAD REQUIREMENT IS 25,0G0 POUNDS, 
WITH THE AIRBREATHING ENGINES. THE ORBITER 
VEHICLE CN-ORBIT TR ANS LAT ICN AL DELTA-V REQUIREMENT 
IS 1,400 FPS FROM THE CMS AND 12C FPS FROM THE 
RCS® 

MISSICN 3 IS A PAYLOAD OELIVERY MISSION TO A ICC 
NAUTICAL MILE CIRCULAR POLAR ORBIT AND RETURN TO 
LAUNCH SITE IN A SINGLE REVOLUTION. THE PAYLOAD 
REQUIREMENT IS 40,000 POUNDS WITH ORBITER VEHICLE 
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i. 40*100 


1.40300 


AI R8REATHING ENGINES REMOVED. THE ORBITER VEHICLE 
CN-ORBIT TRANSLATION DELTA— V REQUIREMENT IS 500 
EPS FRCP THE OMS AND 150 FPS FROM THE RCS. 


PERFORMANCE ANALYSIS 


THE PERFORMANCE GIVEN IS BASED ON THE MOST SEVERE 
OF THE THREE REFERENCE MISSIONS, THE DELIVERY OF A 
65 ,000-PCUND PAYLOAD TO A 28.5 DEGREES INCLINATION 
ORBIT. THE CURRENT DESIGN APPROACH FOR THE 
ORBITAL MANEUVERING SYSTEM (GMSI IS TO HAVE TWO 
SETS CF CMS TANKS INTEGRALLY MOUNTED, HAVING A 
TOTAL CAPACITY OF 1000 FPS WITH A 65,COC-POUNO 
PAYLCAC. EXTRA TANKAGE CAN BE INSTALLED TO 
PROVIDE AN ADDITIONAL 1500 FPS TO MEET THE 
REQUIRED 2500 FPS CAPACITY. THIS ADDITIONAL 
TANKAGE AND PROPELLANTS MAY BE LOCATED IN THE 
PAYLCAC BAY. 


PERFCRMANC E DATA 


FIGURE 1.4 SHOWS THE SHUTTLE PAYLOAD VERSUS 
I NCU I NAT IONS FOR VARIOUS CIRCULAR ORBITAL 

ALT I TUOES REACHED. THE CMS PROPELLANT WAS LOADED 
TO THE EXTENT NECESSARY TO PROVIDE EXACTLY THE 
ON— CRBIT DELTA-V REQUIRED FOR EACH MISSION. THIS 
CELT A— V IS GIVEN AT THE RIGHT SIDE OF THE FIGURE 
FOR EACH CURVE AS TOTAL CMS DELTA— V. AT THE LEFT 
CF EACH CURVE IS GIVEN THE CORRESPONDING CIRCULAR 
ORBITAL ALTITUDE THAT THE SHUTTLE CAN REACH, 
CIRCULARIZE AT, AND RETROFIRE FROM, WHILE 
MAINTAINING A TOTAL CF 170 FPS RESERVE FOR 

RENDEZVOUS AND/OR CONTINGENCIES. THE OMS IS NOT 
USED AT ANY TIME IN THE LAUNCH PHASE, I.E., PRIOR 
TO THE SHUTTLE REACHING THE 50 BY 100 NAUTICAL 
MILE INJECTION ORBIT. THE TOTAL INJECTED WEIGHT 
AT ANY GIVEN INCLINATION IS A CONSTANT, AND 
REPRESENTS THE MAXIMUM CAPABILITY OF THE SHUTTLE 
TO THAT INCLINATION. THE VARIATION IN PAYLOAD 
BETWEEN ALTITUDES IS DUE TO TRADING PAYLCAO FCR 
CMS PPCFELLANT . 

FIGURE 1.5 SHOWS PAYLOAD AS A FUNCTION OF CIRCULAR 
ORBIT ALTITUDE REACHED, MAINTAINING A 50 FPS OMS 
OELTA— V RESERVE. FOR THIS PLCT INSERTION IS 
ALWAYS I NTC A 50 BY 100 NAUTICAL MILE ORBIT, AND 
ANY ADCITICNAL ALTITUDE IS ACHIEVED BY THE OMS 
ALCNE. ALL PERFORMANCE CALCULATIONS ARE BASED 
UPON CARRYING THE ENTIRE PAYLOAD THROUGHOLT ALL CF 



Orbital altitude, 
h, n. mi. (170 fps 
OMS reserve) 
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Parallel burn SRM launch 
OMS AV reserve = 50 fps 

Main engines shut down in 
50 x 100 n. mi. insertion 


Inclination orbit 



Circular orbit altitude ~ n . mi . 


PAYLOAD VERSES CIRCULAR ORBITS ALTITUDE 


FIGURE - 1.5 
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THE CELT A-V MANEUVERS- THIS WOULD ALLOW THE 
VEHICLE TO DEORBIT IN THE EVENT THAT THE PAYLOAD 
FCR ANY REASON COULD NCI BE DEPLOYED - IT WOULD 
ALSO BE THE CASE If ONE PAYLOAD WAS DELIVERED TC 
ORBIT AND ANOTHER PICKED UP FOR RETURN TO EARTH. 
FOR THIS FIGURE PAYLOAD IS TRADED DIRECTLY FOR OMS 
PROPELLANT UNTIL THE OMS TANKS ARE FULL- THIS 
FIGURE CCES NOT INCLUDE ANY RENDEZVOUS ALLOWANCE. 
FOR RENDEZVOUS MISSIONS, 120 FPS EXTRA OMS MUST BE 
RESERVED FOR THE RENDEZVOUS MANEUVERS. THIS 
REDUCES THE CIRCULAR ORBITAL ALTITUDE THAT CAN BE 
REACHED WITH ANY PAYLOAD AND ANY CONFIGURATION BY 
25 NAUTICAL MILES. 

FIGURE 1.6 SHOWS THE CAPABILITY OF THE SHLTTLE TC 
DELIVER PAYLCAD TC A HIGH ELLIPTICAL ORBIT. THESE 
DATA ASSUME THAT THE MAIN ENGINES ARE SHUT DOWN IN 
THE NOMINAL 50 BY 100 NAUTICAL MILE INJECTION 
ORBIT. THE DISPOSABLE TANK IS THEN JETTISONED AND 
THE CRB I T RAISED TC IOC BY 100 NAUTICAL MILES WITH 
THE CMS SYSTEM. AFTER THIS IS DONE, THE CMS 
SYSTEM IS THEN USED TC RAISE THE APOGEE. THE 
UPPER CURVE ASSUMES A DIRECT DECRBIT AT APOGEE 
WITH REENTRY COMING AT PERIGEE. THIS CAN BE DONE 
IN THOSE CASES WHERE THERE IS NO SPECIFIC 
REQUIREMENT ON THE POSITIONING OF THE APSIDES CF 
THE ELLIPSE. IN THAT CASE, THE ORIENTATION CAN BE 
SELECTED TC ALLOW THE PROPER APSIDAL POSITION FOR 
OTRECT ENTRY FROM APOGEE. THE BOTTOM CURVE IS FCR 
THCSE CASES WHERE THE SHUTTLE MUST RECIRCULARIZE 
AT 100 NAUTICAL MILES BEFORE DEORBIT- THIS WOULD 
BE THE CASE IF SOME PARTICULAR APCGEE POSITION 
WERE RECUIREO FOR THE PAYLOAD WHERE ENTRY WERE NOT 
POSSIBLE AT PERIGEE. 

WITH THE SHUTTLE LAUNCHED INTO A HIGH ELLIPSE, A 
PAYLCAD SATELLITE COULD BE PLACED INTO A CIRCULAR 
ORBIT AT APCGEE ALTITUDE WITH A SINGLE BURN OF A 
THIRD STAGE. THIS WOULD ALLOW THE USE OF A SINGLE 
SIMPLE PROPULSION STAGE CN THE PAYLOAD. 
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PAYLOAD VERSES ELLIPTICAL ORBIT ALTITUDE 


FIGURE - 1.6 
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2.000 


SPACE SHUTTLE/PAYLCAD ACCOMMODATIONS 


2.100 GENERAL 


THIS SECTION DEFINES THE SPACE SHUTTLE /PAYLOAD 
OPERATIONAL# PHYSICAL# AND FUNCTIONAL 
ACCOMMODATIONS PRCVIDEO BY THE SPACE SHUTTLE 
SYSTEM. THE APPROACH BEING TAKEN IS TO MAXIMIZE 
THE BENEFITS TO THE PAYLOADS WITH MINIMUM IMPACT 
ON THE CRB ITER. 
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2.200 

2.20100 

2.20101 


20102 
2. 20x03 


OPERATIONAL INTERFACES 


PRELAUNCH OPERATIONS 


PAYLCAC CHECKOUT - INCOMING PAYLOADS AND 
EXPERIMENTS WILL BE RECEIVED AT THE PAYLOAD 
SERVICE AREA WHERE FINAL PAYLOAD INSPECTION, 
CHECKOUT, AND INTEGRATED TESTS WILL BE PERFORMED. 
IF THE INSTALLATION OF AN INDIVIDUAL EXPERIMENT 
INTO A PAYLOAD IS REQUIRED, IT WILL BE 
ACCOMPLISHED IN THIS AREA. ANY DEFICIENCIES 
DISCOVERED DURING THESE OPERATIONS WILL BE 
CORRECTEC PRIOR TO INSTALLATION OF THE PAYLOAD 
I NTC THE CP8ITER . 

THE CONCEPT OF PAYLCAC CHECKOUT AND ASSEMBLY 
PROVIDES MAXIMUM FLEXIBILITY FOR THE VARIOUS 
PAYLCAC REQUIREMENTS AND DECOUPLES THE OPERATIONAL 
CRB I TER VEHICLE CHECKOUT FROM THE PAYLOAD 
CHECKOUT. THIS IS ACCOMPLISHED BY THE USE OF 
STRUCTURAL INTERFACE FIXTURE FOR PHYSICAL AND 
MECHANICAL ORBIT ER/PAY LCAC INTERFACE CHECKS, ANC 
WITH ELECTRONIC ANALOG UMTS FOR ELECTRICAL POWER, 
DATA MANAGEMENT, CONTROL, ANC COMMUNICATION 
INTERFACE CHECKS BETWEEN THE ORBITER AND THE 
PAYLCAC. 

DURING ALL PHASES CF THE PRELAUNCH OPERATIONS, 
SPECIAL EMPHASIS WILL eE PLACED ON CONTAMINATION 
CONTROL PROCEDURES TO PROTECT SENSITIVE PAYLCAC 
ELEMENTS. 

PAYLCAC CENT ER-OF— GRAV ITY - PRECISE INFORMATION ON 
THE PAYLCAC MASS CENT ER-OF-GRAVI TY (C.G.* MUST BE 
ESTABLISHED PRIOR TO INSTALLATION OF THE PAYLOAD 
IN THE ORBITER. FOR ABORTS ANC ENTRY, THE PAYLCAD 
C.G. IS RESTRICTED IN THE LONGITUDINAL AXIS TO 
THE ENVELOPE SHOWN IN FIGURE 2.1. 

PAYLCAC INSTALLATION - THE INSTALLATION CF THE 
PAYLCAD INTO THE OREITER MAY OCCUR AT EITHER OF 
TWO FACILITIES- THE SHUTTLE MAINTENANCE ANC 
REFURBISHMENT FACILITY IMRF), CR THE VERTICAL 
ASSEMBLY BUILDING IVAB). THE CAPABILITY TG CHANGE 
OUT PAYLCACS ON THE PAC WILL EXIST FOR CONTINGENCY 
PURPOSES CNLY ANC SHOULD NOT BE CONSIDERED AS A 
NORMAL CR PLANNEC OPERATION. NORMALLY, THE 
PAYLCAD IS INSERTED INTO THE ORBITER PAYLGAD BAY 
WHILE THE ORBITER IS IN THE HORIZONTAL POSITION IN 
THE MRF. FOLLOWING INSTALLATION AND ESTABLISHMENT 
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PAYLOAD LONGITUDINAL CENTER - OF - GRAVITY LIMITS 


FIGURE - 2.1 
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2.20104 


<-.20200 

<..20c01 


2 . c 0^.02 


OF ELECTRICAL AND OTHER INTERFACES* VALIDATION CF 
THESE INTERFACES IS ACCOMPLISHED. 

VEHICLE INTEGRATION - THE NEXT PHASE OF PRELAUNCH 
OPERATIONS INVOLVES THE MATING OF THE ORBITER AND 
THE SRM* S. THE PAYLOAC PRELAUNCH OPERATIONS MUST 
BE BASICALLY COMPLETED SINCE ACCESS TO THE PAYLOAD 
IS LIMITED TO PAYLOAD MONITORING VIA SHUTTLE 
SYSTEMS EXCEPT UNDER SPECIAL CIRCUMSTANCES. WITH 
THE SHUTTLE IN THE VERTICAL POSITION AND FINAL 
INTERFACE CHECKS COMPLETE* THE SHUTTLE IS READY 
FOR PRELAUNCH OPERATIONS. 


CREI TER PRELAUNCH OPERATIONS 


LAUNCH PREPAR AT I CN - THE VEHICLE OPERATIONS ARE 
DEVOTED PRIMARILY TC VERIFYING THE LAUNCH 
UMBILICAL TOWER/LAUNCH FACILITY CONNECTIONS* 
PERFORMING THE FINAL INTEGRATED TESTS, SERVICING 
THE VEHICLE, LOACINC- THE CREW AND PASSENGERS, AND 
FINAL CLCSEOUT. FIGURE 2.2 IS A REPRESENTATIVE 
FLCW OF ACTIVITIES DURING THIS PERIOD. ALTHOUGH 
PAYLCACS NOMINALLY ARE LOADED PRIOR TO THE 
ORB I TER /BOOSTER MATING, IT IS POSSIBLE TO REPLACE 
THE PAYLOAD ON-PAD IN CONTINGENCIES. HAZARDOUS 
SERVICING PROCEDURES ARE ALSO CCNDUCTEC DURING 
THIS PERIOD, IF THERE ARE SUCH REQUIREMENTS. 
ACCESS TO THE PAYLCAD WHILE CN THE PAD NORMALLY 
MILL BE LIMITED TC THOSE ITEMS ACCESSIBLE THROUGH 
THE ORBITER CREW COMPARTMENT OR THROUGH THE 
PAYLCAD BAY DCCP. THE ACCESS, REMOVAL, AND 
LOADING CF PAYLCAD EQUIPMENT ON THE PAD WILL BE 
LIMITED TC NCT MORE THAN 10 HOURS ELASPED TIME 
PRICF TC T-2 HOURS. 

PAYLCAD SERVICES - PAYLOAD SERVICES ARE FURNISHED 
THROUGH STANCARO CRB I TER/P AYLOAD INTERFACES AND 
THROUGH PAYLCAO ACCESS PANELS. STANOARC GROUNO 
AND LAUNCH SERVICES MAY BE SUPPLEMENTED BY 
RECONFIGURATION OF AN ACCESS PANEL TO ACCOMMODATE 
UNIQUE PAYLOAD SERVICES. HOWEVER, THE 
RECONFIGURATION CF ACCESS PANELS AND SUPPCRT OF 
UNICUE SERVICES ARE CHARGED TO THE PAYLOAD. 

NORMALLY, THE CR E I T ER/ PAYLOAD INTERFACES PRCVICE 
POWER, COMMUNICATIONS, STATUS MONITORING, 
ATMOSPHERE CCNTRCL, VENTING, ANO CERTAIN PAYLOAC 
PROPELLANT ACCESS PROVISIONS. THE PAYLOAC 
SERVICES FDR CRYOGENIC PROPELLANTS INCLUDE ACCESS 
FOR FILL, VENT, DRAIN, ANO DUMP. ATMOSPHERE 
CCNTRCL CF THE PAYLOAD BAY IS PROVICED THROUGH GSE 
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ORBITER TURNAROUND OPERATIONS TIMELINE 


FIGURE - 2.2 
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2S 

DURING PRELAUNCH OPERATIONS, PRIMARILY TO KEEP THE 
BAY FREE OF CONTAMINATION BY EXTERNAL SOURCES. 


FLIGHT CPERAT IONS 


SHUTTLE ASCENT - THE LIFT-OFF TO INSERTION PHASE 
WILL EE ESSENTIALLY AN AUTOMATIC GPERATICN UNDER 
CRBITER CONTROL. THE EARLY VERTICAL FLIGHTS WILL 
HAVE GRCUNC SUPPORT FOR TRAJECTORY AND SYSTEMS 
MUCH LIKE THAT EXISTING FOR APOLLO. AFTER THE 
SHUTTLE OPERATIONS MATURE* THERE WILL BE LESS NEED 
FOR REAL-TIME SHUTTLE SYSTEMS SUPPORT FOR LAUNCH. 
DURING LAUNCH, THE PAYLOAC SUPPORT WILL BE LIMITED 
PRIMARILY TO MINIMUM SUBSYSTEMS SUPPORT ANO 
PAYLCAC SAFETY STATUS MONITORING. 

PAYLOAD CONTROL AND DISPLAY - THE ORBITER WILL 
HAVE PROVISIONS FOR MONITORING ALL 
SAFETY-CF-FLIGHT PARAMETERS GENERATED BY THE 
PAYLCAC. THESE PARAMETERS ARE DISPLAYED TO THE 
FLIGHT CREW AND MISSION SPECIALISTS. IN ADDITION 
TO THE SAFETY-OF-FL IGHT PARAMETERS, PAYLCAC 
PECULIAR PARAMETERS CAN BE DISPLAYED TO THE 
MISSION SPECIALIST CN THE GENERAL PURPOSE 
01 SPLAYS , Gfl THROUGH PAYLOAD SUPPLIED MISSION 
PECULIAR CISPLAYS TO THE PAYLOAD SPECIALIST. 

PAYLCAC CHECKOUT - PRIOR TO PAYLOAC OPERATION OR 
DEPLOYMENT , FUNCTIONAL CHECKOUT CAN BE 
ACCOMPLISHED BY USE OF PROGRAMS STORED IN THE 
MEMORY CF THE COMPUTER USED FOR PAYLOAD CHECKOUT. 
MANUAL INSERTION OF PAYLOAD CATA/CCMMANDS INTO THE 
COMPUTER CAN BE MAOE THROUGH THE KEYBOARD. 
DEDICATEC PAYLOAC DISPLAYS AND CONTROLS CAN ALSC 
BE USED IN CONJUNCT ICN WITH PAYLOAD CHECKOUT. 
VISUAL INSPECTION AND MANUAL ASSISTANCE BY THE 
CREW CAN BE ACCOMPLISHED BY EXTRAVEHICULAR 
ACTIVITY ( EVA I OR INTRAVEH ICUL AR ACTIVITY 4IVA). 
WHEN THE CRBITER COCKING PORT IS SECURED TO A 
DOCKING PORT ON ANOTHER ORBITAL ELEMENT, 
SHIRTSLEEVE ACCESS IS AVAILABLE THROUGH THE 
ORBITER AIRUCCK ANC OOCK ING PORT TO THE ORBITAL 
ELEMENT. VERIFICATION OF DOCKING AND UNOCCKING IS 
OISPLAYEC TO THE CRBITER FLIGHT CREW. 

PAYLCAC DEPLOYMENT AND RETRIEVAL - THE ORBITER 
PROVIDES A PAYLOAC CEPLOYMENT/RETR IEVAL MECHANISM 
TC DEPLOY PAYLOACS CLEAR OF THE ORBITER MCLO LINE. 
FOR RETRIEVAL, THIS MECHANISM INTERFACES WITH 
PAYLCACS DESIGNED FOR RETRIEVAL AND* AFTER 
ATTACHMENT TO THE PAYLCAC, ALIGNS THE PAYLOAC IN 
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JHE PAYLCAC BAY FCR SECURE STOWAGE OF THE PAYLOAD. 
IN ACC IT IGN $ THIS MECHANISM IS CAPABLE CF 
SUPPORTING THE PAYLCAO IN THE DEPLOYED POSITION 
UNCER ATTITUOE ST AfilL HAT ION AND CCCKING LOADS. 

DEPLOYMENT CF SP IN-STABIL IZEC PAYLOADS PAY BE 
ACCOMPLISHED FROM A SPIN TABLE PROVIDED BY THE 
PAYLOAD. ANY ADDITIONAL PAYLOAD PECULIAR 
DEPLOYMENT, ERECTION, RETRACTION, ET CETERA, 
RETIREMENTS FOR SPECIAL MECHANICAL SYSTEMS IS 
PRC V IDEC BY THE PAVLQAC. 

2.^005 MULTIPLE PAYLOAD DEPLOYMENT - THE ORBITER WILL 
HAVE THE CAPABILITY TO DEPLOY MIL T I PL E-P AYLOACS 
CN-CFBIT CURING A SINGLE MISSION, INCLUDING 
PLACEMENT CR COCKING OF PAYLOADS TO A STABILIZED 
BODY. FCR MULTIPLE-PAYLOAD MISSIONS THE ORBITER 
SUBSYSTEMS SUPPORT CAPABILITY IS SHARED BY THE 
PAYLCACS. 

*.20->Ut» DOCKING - COCKING CF TFE ORBITER TC A PAYLOAD CR 
ANOTHER ORBITAL ELEMENT CAN BE ACCOMPLISHED WITH 
» n t. 27, ,"ANI PUL AT OR ARMS AND COCKING PORT, CR 

BY DIRECT COCKING* PRIMARY COMMAND AND CONTROL 
AUTHORITY REMAINS WITH THE ORBITER DURING THE 
DOCKING GPERATIONSo TC ACCOMMODATE DOCKING, THE 
ORBITER ORIENTS AND APPROACHES THE ORBITAL ELEMENT 
WITH THE USE OF THE ORBITER RCS. WHEN THE ORBITER 
IS WITHIN THE REACH DISTANCE OF THE MANIPULATOR 
ARM OF THE ORBITAL ELEMENT, THE MANIPULATORS 
ENGAGE THE ORBITAL ELEMENT AND DRAW THE TWO BODIES 
TOGETHER TC ACCOMPLISH CONNECTION OF THE DOCKING 
INTERFACES. FOR DIRECT DOCKING, THE ORBITER AS 
THE ACTIVE VEHICLE APPROACHES AND ENGAGES THE 
DCCKING MECHANISMS ON THE ORBITAL ELEMENT BY 
IMPACT ENGAGEMENT. THE OPERATIONAL DESIGN 
PARAMETERS FCR DCCKING ARE GIVEN IN TABLE 2-1. 


TABLE 2-1 - CPERATICN DESIGN PARAMETERS FCR DOCKING 


LATERAL MISALIGNMENT 4 /- 

ANGULAR MISALIGNMENT 4/- 

RULL MISALIGNMENT 

CLUSING V£ L C C I T Y AT CONTACT 

ACTIVE VEHICLE ANGULAR VELOCITY AT CONTACT 

PASSIVE VEHICLE ANGULAR VELOCITY AT CONTACT 


0.5 FEET 

5.0 DEGREES 

7.0 DEGREES 
0.5 FPS 

1.0 DEG/SEC 
0.1 DEG/SEC 


WHEN THE ORBITER CCCKING PORT IS SECURED TO A 
DOCKING PORT ON ANOTHER ORBITAL ELEMENT, 
SHIRTSLEEVE ACCESS IS AVAILABLE THROUGH THE 
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GRBITER AIRLOCK ANC OOCK ING PORT TO THE ATTACHED 
ELEMENT . VERIFICATION OF DOCKING AND UNDOCKING IS 
DISPLAYED TC THE GRBITER FLIGHT CREW. 

2.20i07 EVA/ 1 VA - TO DISTINGUISH BETWEEN EXTRAVEHICULAR 

.ACTIVITES (EVA) AND INTRAVEHICULAR ACTIVITIES 
( I VA ) WITH REGARD TG A PRESSURE SUITED CREWMAN, 
THE FCLLCWING DEFIMTIGN IS GIVEN. 

EVA APPLIES TC ACTIVITIES CONDUCTED OUTSIDE THE 
SPACECRAFT PRESSURE HULL OR AN OPEN PAYLOAD BAY. 
I VA BY A PRESSURE-SUITED CREWMAN, IS CONFINED BY 
THE VEHICLE STRUCTURE. ACTIVITIES WITHIN THE 
PAYLCAC BAY WITH THE DCORS CLOSED ARE CONSIDERED 
I VA. IF A SECTION IS APPLICABLE TO EVA ONLY, IVA 
WILL BE EXCLUDED BY A NOTE. OTHERWISE, THE TERM 
EVA WILL BE USED TC INCLUDE IVA. 

THE CRBITER PROVIDES THE CAPABILITY TO PERFORM 
MULTIPLE EVA'S IN ORBIT, OR IVA'S INTO THE PAYLOAD 
BAY. HOWEVER, THE EXPENDABLES AND EVA SLITS ARE 
PROVIDEC AT THE EXPENSE CF PAYLCAC WEIGHT. TWO 
CREWMEN EVA IS CCNSIDEREC THE NORMAL EVA MODE CF 
OPERATION WHERE ONE CREWMAN PERFORMS THE EVA TASK, 
THE SECOND CREWMAN MAINTAINS A BACKUP STATUS, AND 
BOTH EVA CREWMEN ARE MONITORED FROM WITHIN THE 
CRBITER. EVA IS A MET ECO FOR THE CN-ORB1T PAYLCAC 
ACTIVITIES, ANO ITS USAGE FOR BOTH NORMAL ANC 
CONTINGENCY PAYLCAO OPERATIONS MUST BE TRADED 
AGAINST THE ADVANTAGES AND DISADVANTAGES CF 
ALTERNATE METHODS. IT IS POSSIBLE THAT FOR SOME 
TASKS, EVA CCULD BE A HIGHLY COST EFFECTIVE METHOD 
FOR PERFORMING PAYLOAD OPERATIONS. 

«d.2<LiQ6 COMMUNICATIONS - A COMMUNICATION SATELLITE SYSTEM 
IS AVAILABLE FOR RELAY CF VOICE ANC VIDEO BETWEEN 
THE CRBITER ANO GROUND. THE GRBITER IS ALSO 
CAPABLE CF DIRECT CCMMUN IC AT ION WITH THE GROUND. 
THE CRBITER/PAYLCAC COMMUN ICATION INTERFACES ARE 
GIVEN IN TABLES 2-IIA ANC 2-IIB. THESE INTERFACES 
PROVICE AVAILABLE COMMUNICATION CHANNELS FCR 
PAYLCAC OPERATIONS DURING A MISSION. 

CCMMUN ICAT ION RETIREMENTS IN EXCESS OF THESE ARE 
SUPPORTED BY THE PAYLOAD. 
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T AtJLfc 2-1 IA - CR8ITER/PAYLGAC COMMUNICATION INTERFACES 


HARDWIRE PAYLOAD INTERFACE 


SIGNAL 

DESCRIPTION 


VOICE 


INTERCOM 


INTERLEAVED TLM 


DIRECT TLM 


WIDEBAND ANALOG 


wiDEoAND PCM 


IV VIDEO 

COMMANDS 

ATTACHED PAY- 
LUAD COMMANDS 


CAMERA VIDEO 


CAMERA CCNTRGL 


ORBIT EP EQUIPMENT 


AUDIO CENTER 


STORED PROGRAM 
PROCESSOR 

MODULATCR/DEMODULATOR 
WIDEBAND XMTR 
WIDEBAND XMTR 


WIDEBAND XMTR 


COMPUTER 


VIDEO DISPLAY UNIT 


VICEO CCNTROL UNIT 


PAYLOAD EQUIPMENT 


AUDIO COMM PANEL 


REMOTE MUX UNIT 


PCM ENCOCER 

FDM EQUIPMENT 

PCM ENCOCER OR 
RECORDER 

TV CAMERA 


PAYLOAD DECODER 


TV CAMERAS 


TV CAMERAS 
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TABLE /-IIB - CRBITER/PAYLCAC COMMUNICATION INTERFACES 


RF PAYLOAD INTERFACE 


SIGNAL 
lit SCRIPTICM 


ORBIT ER EQUIPMENT 


VOILE 
UUP LEX 
TLM 
DATA 

COMM AN OS 
UtT ALHEO PAY- 

LUAU 

RANGING 

DETACHED PAY- 
LuAU 


VHF TRANSCEIVER 


PCM RECEIVER 


TRANSMITTER 
SIGNAL FORMATTER 


TRANSCEIVER 
DIGITAL RANGING 
GENERATOR I DRG) 


PAYLOAD EQUIPMENT 


VFF TRANSCEIVER 


PCM TRANSMITTER 


RECEIVER 

SIGNAL PROCESSOR 


TRANSCEIVER 
RANGE TONE 
TRANSFER ASSY 
IRTTA) 



34 


c.20400 


2.20401 


2. <.0402 


2.204Q.J 


2.20404 


4U^G405 


2. 2040 6 


CREW 


THE eASIC CRBITER CREW SIZE IS FOUR, TWO OF WHICH 
ARE THE COMMANDER AND PILOT WHO USUALLY ACCOMPLISH 
THE FLIGHT OPERATIONS OF THE ORBITER. THE 
FOLLOWING NOMENCLATURE IS USED TO IDENTIFY AND 
DESCRIBE THE DUTIES OF THE PERSONNEL. 

COMMANDER - THE COMMANDER IS IN COMMAND OF THE 
FLIGHT AND IS RESPONSIBLE FOR OVERALL SPACE 
VEHICLE* PAYLOAD FLIGHT OPERATIONS* AND VEHICLE 
SAFETY. HE IS PROFICIENT IN ALL PHASES OF VEHICLE 
FLIGHT. PAYLOAD MANIPULATION. DOCKING AND 
SUBSYSTEM COMMAND. CONTROL, AND MONITOR OPERATION. 
HE IS ALSO KNOWLEDGEABLE OF PAYLOAD AND PAYLOAD 
SYSTEMS AS THEY RELATE TO FLIGHT OPERATIONS, 
COMMUNICATION RECU IREMENTS. DATA HANDLING. AND 
VEHICLE SAFETY. 

PILOT - THE PILOT IS SECOND IN COMMAND AND IS 
EQUIVALENT TG THE COMMANDER IN PROFICIENCY AND 
KNOWLEDGE CF THE VEHICLE. 

MISSION SPECIALIST - THE MISSION SPECIALIST IS 
RESPONSIBLE FOR INTERFACING CF PAYLOAD AND ORBITER 
OPERATIONS AND THE MANAGEMENT OF PAYLOAD 
GPERAT IONS. THE SPECIALIST IS TRAINED IN VEHICLE 
AND PAYLCAC SUBSYSTEMS, FLIGHT OPERATICNS. AND 
PAYLCAC CCMMUNICAT IONS DATA MANAGEMENT. MORE THAN 
ONE MISSION SPECIALIST MAY BE INCLUDED IN THE 
CREW. 

PAYLCAC SPECIALIST - THE PAYLOAD SPECIALIST IS 
RESPONSIBLE FOR THE APPLICATIONS, TECHNOLOGY, AND 
SCIENCE PAYLGAD/ INSTRUMENTS OPERATIONS. THIS 
SPECIALIST HAS DETAILED KNOWLEDGE OF THE 
PAYLCAC/ INSTRUMENTS , OPERATIONS, REQUIREMENTS, 
OBJECTIVES, AND SUPPORTING EQUIPMENT. MORE THAN 
ONE PAYLCAC SPECIALIST MAY BE INCLUDED IN THE 
CREW. 

PASSENGER/ OBSERVER - PASSENGER/OBSERVERS ARE 
PERSONNEL WHC ARE CNBOARO, BUT HAVE NO ACTIVE PART 
IN SHUTTLE OPERATICNS. 

CREW PROVISIONS *» VOLUME IS AVAILABLE WITHIN THE 

CREW COMPARTMENT FCR ACOITIONAL PAYLOAD SPECIALIST 
CR PASSENGERS, HOWEVER, THEIR WEIGHT, PERSONNEL 
SUPPORT SYSTEMS, EQUIPMENT, AND CONSUMABLES APE 
CHARGED TG THE PAYLCAC. ALSO, WIThIN THE CREW 
COMPARTMENT ARE SLEEP PROVISIONS TO ALLOW CREW 
ROTATION FOR 24— HOUR OPERATICNS. PAYLOAD 
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<1.20500 


OPERATIONS HAY ELECT EITHER MULTIPLE SHIFTS CR 
DISCRETE WORKING HOURS TO SUPPORT MISSION 
OBJECTIVES. 


PCSTf LIGHT OPERATIONS 


FOLLOWING LANDING. THE ORBITER IS TOWED 10 THE 
SAFING FACILITY WHERE THE CREW ANO PASSENGERS 
DISEMBARK AND THE NECESSARY POSTFLIGHT CCOLDCWN 
AND SAFING OPERATIONS ARE PERFORMED. NORMALLY, 
THE FAYLCAC WILL REMAIN WITH THE ORBITER UNLESS 
THERE ARE CRITICAL EXPERIMENTS WHICH MUST BE 
REMOVED AT THIS FACILITY. THIS FACILITY CAN ALSO 
BE USEC TC SAFE AND PURGE HAZARDOUS PAYLOAD ITEMS. 
THE PAYLOAD MUST eE COMPATIBLE WITH THE AVAILABLE 
SHUTTLE GSE. CR SUPPLY THE NECESSARY EQUIPMENT TC 
SUPPORT THE OPERATION. 

WHEN THE SAFING OPERATIONS ARE COMPLETED THE 
CRBITEP IS TOWED TC THE MRF WHERE THE PAYLOAD IS 
NGRM ALLY REMOVED FROM THE ORBITER. 
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2.30Q 

c. 30100 
30101 

c. 30102 


2.30103 


SYSTEM/ Stfi SYSTEM INTERFACES 


STRUCTURAL /MECHANICAL INTERFACES 


PAYLCAC BAY ENVELOPE - THE CRBITER PAYLOAC BAY CAN 
ACCCMMCOAT £ A PAYLOAD, OR CGMBINAT IONS OF 
PAYLCAOS, ViHOSE DYNAMIC ENVELOPE IS EQUAL TO, OR 
LESS THAN, 60 FEET IK LENGTH AND 15 FEET IN 
DIAMETER. THIS PAYLCAC ENVELOPE EXCLUDES THE 
NECESSARY PAYLOAC STRUCTURAL ATTACHMENT POINTS, 
WHICH EXTEND OUTSIDE THE ENVELOPE TO INTERFACE 
WITH THE ORBITER STRUCTURAL MOUNTING PGINTS. 
CLEARANCE ENVELOPE BETWEEN THE PAYLOAD ENVELOPE 
AND THE ORBITER STRUCTURE IS PROVIDED BY THE 
ORBITER TO AVOID CRBITER DEFLECTION AND DEPLOYMENT 
INTERFERENCE BETWEEN THE ORBITER AND PAYLCAO. 

PAYLCAD STRUCTURAL ATTACHMENT - MULTIPLE 
STANDARDIZED ATTACHMENT POINTS ARE LOCATED (TBD ) 
IN THE PAYLOAC BAY TO STRUCTURALLY SUPPORT ALL 
PAYLCADS. THE LOCATIONS OF THESE POINTS ARE AT CR 
OUTSIDE THE 15-FCOT DIAMETER PAYLCAD MOLD LINE AND 
TRANSMIT PAYLCAO LCADS TO THE ORBITER PRIMARY 
STRUCTURE® THESE ATTACHMENT POINTS INTERFACE WITH 
THE PAYLOADS OR PAYLOAC ADAPTERS AND ARE CAPABLE 
OF SUPPORTING THE PAYLOAD UNDER ALL MISSION 
PHASES. THE ORBITER HAS THE CAPABILITY TO LANC 
40,000 PCUND PAYLCADS WITH NOMINAL WIND AND LOAD 
FACTORS < A IR BREATH l NG ENGINES REMOVED) ANC LARGER 
PAYLCACS WITH REDUCED STRUCTURAL SAFETY FACTORS. 

THE CRBITER ALSO PROVIDES THE CAPABILITY FOR 
DETERMINING THE MECHANICAL ALIGNMENT OF THE 
PAYLCAC < W ITH RESPECT TO THE REFERENCE FRAME OF 
THE CRBITER) TO AN ACCURACY CF 0.5 DEGREE IN ALL 
AXES WHILE THE PAYLCAC IS ATTACHED TO THE PAYLOAC 
fl AY. 

REMOTE MANIPULATOR SYSTEM (RMS) - THE CRBITER 
PAYLCAC DEPLOYMENT AND RETRIEVAL MECHANISM 
CONSISTS GF A PAIR OF REMOTE MANIPULATOR ARMS 
WHICH APE STOWED OUTSIDE THE PAYLOAD VOLUME. 
FIGURE 2.3 IS A PRELIMINARY DESIGN OF A TYPICAL 
SYSTEM. PAYLCAC ENGAGEMENT IS ACCOMPLISHED 
THROUGH TERMINAL CEVICES ON THE ENC OF EACH ARM. 

TO ACCOMMODATE PAYLCAC RETRIEVAL AND STOWAGE IN 
THE PAYLCAC BAY, THE PAYLOAD PROVIDES THE ORBITER 
COMPATIBLE MECHANICAL, ELECTRICAL, ANC FLUID 
INTERFACES. 




REMOTE MANIPULATOR SYSTEM 


FIGURE - 2.3 
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2.30104 


*.30105 
<■* jOIOo 


2.30*00 

2.30201 

2.30202 


DOCKING MECHANISE - THE DOCKING MECHANISM IS 
OESIGNED TC INTERFACE WITH STANDARDIZED DOCKING 
MECHANISMS CN OTHER ORBITAL ELEMENTS AND CN 
ANCTHER ORBITER. THE COCKING MECHANISM CONTAINS 
ALL THE NECESSARY HARDWARE FOR ENGAGING# LATCHING. 
AND SEALING THE INTERFACE BETWEEN THE ORBITER AND 
ANCTHER CREITAL ELEMENT. INCLUDEC IN THE ORBITER 
ARE APPROPRIATE DISPLAYS FOR VERIFICATION OF THE 
ENGAGEMENT AND SEPARATION OF THE DOCKING 
INTERFACE. WITHIN THE DIAMETER OF THE OOCKING 
RING ARE A CLEAR PASSAGEWAY OF l.C-METER DIAMETER 
AND THE NECESSARY POWER, CAUTION AND WARNING. 
DATA. COMMUNICATION, AND FLUID INTERFACE 
CONNECTORS TC SUPPORT COCKED ORBITAL OPERATIONS. 

PAYLOAD BAY DOOR IS) - THE ORBITER HAS THE 
CAPABILITY TO EXPOSE THE ENTIRE LENGTH AND THE 
FULL WIDTH OF THE PAYLCAC BAY. WITH THE PAYLOAD 
BAY DCCR(S) AND RADIATOR! S ) OPEN, THE 
UNCBSTRUCTUED 180-DEGREES LATERAL F IELD-OF-V I EW IS 
AVAILABLE TO THE PAYLOAD AT THE PLANE OF THE HINGE 
LINE, WHICH IS LOCATED ITBD ) RELATIVE TO THE 
LONGITUCINAL CENTERLINE OF THE PAYLOAD BAY. 

PAYLCAC BAY SERVICE PANELS - PAYLCAC BAY SERVICE 
PANELS ARE PLACED AT DISCRETE LCCATIONS IN THE 
ORBITER STRUCTURE FOR GSE SERVICE ACCESS TO THE 
PAYLCAC. THESE PANELS, LOCATED IN THE PAYLCAC BAY 
WALLS, NORMALLY ARE BLANK, NQNSTRUCTURAL PANELS 
WHICH ARE CAPABLE CF BEING REPLACEC WITH PAYLOAD 
PECULIAR PANELS CESIGNEO TO SERVICE A PARTICULAR 
PAYLCAC. THE WEIGHT DIFFERENCE BETWEEN THE BLANK 
SERVICE PANEL ANC THE PAYLCAC PECULIAR PANEL IS 
CHARGEC AGAINST THE PAYLOAD WEIGHT. THE LINES 
CONNECTING THE PAYLOAD TC THE SERVICE PANEL ALSC 
ARE CHARGEC AGAINST THE PAYLOAD WEIGHT. 


FLUID SYSTEM INTERFACES 


QMS CELTA-V KIT - CN-CPBIT MANEUVERING CELTA-V IN 
EXCESS CF THE 1000-FPS AVAILABLE IN THE BASELINE 
CRBITER IS AVAILABLE BY ADDITION CF OMS 
PROPELLANT • THE ADDED VOLUME AND WEIGHT FCR 
PRCPELLANT , TANKAGE, AND PLUMBING TO THE VEHICLE 
OMS IS CHARGED TC PAYLCAC. 

PROPULSIVE PAYLCAC INTERFACES - PRCPULSIVE STAGES 
CARRIED WITHIN THE PAYLCAC BAY REQUIRE VARIOUS 
TYPES CF FLUID INTERFACES BETWEEN THE ORBITER 
VEHICLE ANC THE PAYLCAC BAY. THESE INTERFACE 
REQUIREMENTS VARY SIGNIFICANTLY WITH THE TYPES CF 
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PROPELLANT UTILIZED BY THE PROPULSIVE STAGE. 
STORABLE PROPELLANTS, SUCH AS THOSE USED BY THE 
AGENA, DELTA, AND TRANSTAGE CAN BE LOADED PRIOR TG 
STAGE INTEGRATION WITH THE ORB ITER. NO FILL 
CONNECTIONS, THEREFORE, ARE REQUIREO BUT DRAIN 
CONNECTIONS CAN BE REQUIRED FOR EMERGENCY DUMP. 
SEVERAL OPTIONS APPEAR FEASIBLE FCR PROVIDING THE 
FLU IC INTERFACES PREVIOUSLY MENTIONED. 

FLUID CONNECTION PANEL (S I ARE LOCATED TO MINIMIZE 
VEHICLE SCAR HEIGHT. THESE INTERFACE PANELS 
PROVIDE THE FLUID SERVICING PLUS THE VENTING 
LOCATIONS. THE PROPULSIVE PAYLOAD PROPELLANTS 
REQUIRE VENTING AS WOULD, IN MOST CASES, THE 
PRESSURANTS. FOR THESE CASES, THE FLUID 
CONNECTION PANELS ARE FITTED FGP THE PAYLOAC. 
WHEN NCT REQUIRED, THE SERVICE PANELS ARE REPLACED 
BY BLANK PANELS. PROPELLANT SERVICE UMBILICALS 
AND DUMP PROVISIONS ARE REQUIRED FOR CRYC 
PAYLOADS. 

TABLE 2- 1 1 I INDICATES THE SERVICING APPLICABILITY 
FGR EACH CLASS CF PAYLOADS FLUIDS. THE ‘OPEN 
PAYLOAD BAY DOOR* IS SERVICING PAYLOADS WHEN THE 
BAY CCORS ARE OPENED. CRYO SERVICES ARE NCT 
INCLUDED SINCE THE DOORS ARE CLOSED PRIOR TO 
LAUNCH, HOWEVER, A DUMP SYSTEM IS REQUIRED. 


TABLE 2-1 1 1 - LOADING AND DUMPING OPTIONS 


• GMS • REMOVABLE • OPEN • 

• INTEGRATION • SERVICE PANELS • PAYLOAD • 

• • • BAY DOOR • 

• • » • 

UMS Ki T • X * X * X • 

• • • , 

LUX/LH2 * * X • • 

• • a i 

EARTH STORABLE * • X • X • 


C.302U3 PAYLOAD BAY VENTS - ADEQUATE PENETRATION FCR 
VENTING AND PURGING THE PAYLOAD E AY AND ACTIVE 
PAYLOAC EFFLUENTS ARE PROVICED BY THE CRB ITER • 
THIS VENT SYSTEM CONSISTS CF NCNPRCPULS I V E VENTS. 
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2. 30300 


2.303 01 


30400 


ELECTRICAL POWER 


ELECTRICAL POWER FOR PAYLOADS IS AVAILABLE FRCP 
THE CRBITER ELECTRICAL POWER SYSTEM. AN 
ELECTRICAL ENERGY ALLOWANCE OF 50 KILOWATT-HOURS 
I KWH ) IS DEDICATEC FOR PAYLOAD SUPPORT WITH ENERGY 
IN EXCESS OF THIS ALLOCATION BEING MISSION 

DEPENDENT AND CAPABLE OF BEING SUPPLEMENTED BY 
ADDITIONAL CONSUMABLES TC THE ORBITER FUEL CELLS 
AND/CR BY INDEPENDENT PAYLOAD SYSTEMS. 

THIS POWER IS IN THE FORM OF REGULATED REDUNOAM 
DC POWER HAVING THE CHARACTERISTICS SHOWN BELOW. 

VCLTAGE - 30 VCC NOMINAL 

TRANSIENT - (TBC) 

LOAD - 1000-WATTS AVERAGE, 1500- 

WATTS PEAK (PEAK ORBITER 
OPERATION PERIODS) 

- 3000-WATTS AVERAGE, 6000- 
WATTS PEAK (CN-ORBIT 
COAST PERIODS) 

EXTENDED DURATION MISSION SUPPORT - FOR EXTENDED 
DURATION MISSIONS, OR FOR MISSIONS REQUIRING 
INCREASED TOTAL ELECTRICAL ENERGY, ADDITIONAL FUEL 
CELL REACTANTS ARE REQUIRED AND ARE PLUMBED IN 
FROM THE PAYLOAD BAY. THESE CONSUMABLES, THEIR 
TANKAGE, AND THE PLUMBING TO THE CRBITER INTERFACE 
ARE CHARGED TO THE PAYLOAD. THE EXTENDED DURATION 
MISSION REQUIRES ACCEC CONSUMABLES FOR THE PAYLOAC 
ANO FCR OPERATION OF THE ORBITER fi EYOND THE NORMAL 
7-DAY CRBITER MISSION. 


01 SPLAYS AND CONTROLS 


DISPLAYS AND CONTROLS FCR PAYLOAD OPERATIONS ARE 
PRCVICEC AT THE CCMMANDER/P ILOT, MISSICN 
SPECIALIST, ANO PAYLOAC HANDLING STATIONS. 

PAYLCAC CISPLAYS AND CONTROLS AT THE 
CCMMANDER/PILCT STATIONS ARE PRIMARILY CONCERNED 
WITH COMMUNICATIONS, POWER CONTROL (MASTER CIRCUIT 
BREAKER CONTROL SWITCH FCR PAYLCAC POWER), ANO A 
PAYLCAC MASTER CAUTION ANC WARNING LIGHT. 
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DISPLAYS AND CONTROLS PROVIDED AT THE MISSICN 

SPECIALIST STATION INCLUCE- 

A. MASTER CAUTICN ANC WARNING 

B. CAUTICN ANC WARNING PANEL WITH DEDICATED 
WIRING FOR DISPLAYS 

C. A CATHODE RAY TUBE ICRT) ANC KEYBOARD FOR 
CONTROL OF PAYLOAD MONITORING AND CHECKOUT IN 
CONJUNCTION WITH THE COMPUTER USED FOR 
PAYLCAC MONITORING 

D. SPACE FOR DISPLAYS AND CONTROLS PROVIDED BY 
THE PAYLOAD 

£. AUCIC COMMUNICATIONS PANEL WITH AUDIO-CHANNEL 
SELECTOR FOR COMMUNICATIONS WITH CREWMEN, 
PERSONNEL IN PAYLCAC BAY, EVA PERSONNEL, 
PERSONNEL IN A FREE FLYING PAYLOAD, OR THE 
GRCUNC 

THE PAYLCAC HANDLING STATION DISPLAYS AND CONTROLS 

ARE DESIGNED TO SUPPORT PAYLCAC DEPLOYMENT, 

DOCKING, RETRIEVAL, AND REMOTE OPERATIONS THROUGH 

THE USE OF THE MANIPULATOR ARMS. SPECIFIC 

DISPLAYS ANO CONTRCLS CF THIS STATION INCLUDE THE 

FOLLCWING ITEMS- 

A. MANIPULATOR CONTROL SYSTEM AND PAYLOAD 
RETENTION CONTROLS AND DISPLAYS 

B. DISPLAYS FOR PAYLCAC BAY TV VIDEO, ANC 
CCNTRCLS FOR OPERATING AND SUPPLYING POWER TO 
THE PAYLOAD E AY CAMERAS 

C. AUDIO COMMUNICATION PANEL WITH AUDIO CHANNEL 
SELECTOR FCR COMMUNICATIONS WITH CREWMEN, 
PAYLCAC BAY, EVA PERSONNEL, ANO GRCUND 

0. CAUTICN ANC WARNING DISPLAYS FOR GENERAL 
PAYLCAC OPERATIONS ITEMS 

E. PAYLCAC BAY LIGHTING CONTROLS FCR 
ILLUMINATION CF PAYLOADS, PAYLOAO BAY AREA, 
ANC PAYLOAD INTERFACES 
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2, JOS 00 
2 . jO*01 

2.JQJQ2 


2.J050J 


GUIDANCE A NO NAVIGATION 


SYSTEM CAPABILITIES - THE ORBITER GUIDANCE, 
NAVIGATION, AND CONTROL (GN+C) SYSTEM IS CAPABLE 
CF PROVIDING GUI CANCE , NAVIGATION, AND CONTROL FOR 
THE CRBITER THROUGH ALL PHASES OF ORBITAL SPACE 
FLIGHT FRCP LAUNCH THROUGH ENTRY, AND FOR AIRCRAFT 
-AERODYNAMIC FLIGHT MODES. DURING THE CN-CRBIT 
PHASES, THE GUIOANCE AND NAVIGATION OF THE ORBITER 
CAN BE INDEPENDENT OF CIRECT GROUND SUPPORT. 

RENDEZVOUS - THE ORBITER HAS THE ONBOARC 
CAPABILITY TO RENDEZVOUS WITH AN IN-PLANE 
COOPERATIVE TARGET UP TO 3C0 NAUTICAL MILES, AND 
IS THE ACTIVE VEHICLE CURING RENDEZVOUS, DOCKING, 
AND UNDOCKING. THE ORBITER IS ALSO CAPABLE OF 
MANUAL DECKING WITH OTHER ORBITERS OR COMPATIBLE 
ORBITAL ELEMENTS DURING DAYLIGHT OR DARKNESS. BY 
USING GROUND FACILITIES AND OTHER AIDS, THE 
ORBITER IS CAPABLE OF RENDEZVOUS WITH AND 
RETRIEVAL CF A PASSIVE STABLIZED ORBITING ELEMENT. 

ORBIT NAVIGATION - TABLE 2-IV PRESENTS A SUMMARY 
OF ESTIMATED NAVIGATION PERFORMANCE FOR SOME OF 
THE FCSSIBLE SYSTEMS. 




STUN 

oJaK/HUkIZON 
bKuUNU tt EACCN 
HU kiZUN/ BEACCN 
TbkS 

LANOMA RK 


43 


NAVIGATION SYSTEM ACCURACIES 
IT ION IFT ) RMS VELOCITY (FPS) 


1000 I 
4000 2 
1000 1 
700 1 
300 TO 1000 1 
2000 2 



44 


c. 4 

<1.JQ600 

i.iOtoQi 


^.jQto02 


ORB I TER/ PAYLCAC DATA TRANSFER - INFORMATION FROM 
THE GN+C COMPUTER SUBSYSTEM CAN BE TRANSFERRED TO 
THE PAYLCAC BAY VIA HARDWIRE. AS A MINIMUM, THE 
INFORMATION WILL INCLUCE TIMING, STATE VECTOR 
INITIALIZATION AND EXTRAPOLATION I IF DESIRED), AND 
SPACECRAFT ATTITUDES AND ATTITUDE RATES. 


STABILIZATION AND CONTROL 


PAYLCAC POINTING ACCURACY - THE COM INANT ERRORS 
INVOLVED IN POINTING A PAYLOAD WITH THE SPACECRAFT 
SYSTEMS ARE CONTRIBUTED BY THE STRUCTURAL 
MISALIGNMENTS AND THERMAL DISTORTIONS. THE 
GUIDANCE AND NAVIGATION (G+N) SUBSYSTEM ERRORS, 
INCLUDING AN EQUIVALENT ANGULAR ERROR CUE TO 
NAVIGATION UNCERTAINTY ARE LESS AT 0.2 OEGREE 11 
SIGMA). CONTROL SYSTEM ERRORS, I.E., ATTITUCE 
DEADBANC EXCURSIONS, MUST ALSO BE ADDED TO THE 
STATED ERROR SOURCES. 

THE CRB I TER IS CAPABLE CF POINTING THE PAYLCAC 
CONTINUOUSLY FOR ONE ORBIT EVERY GThER ORBIT FCR 
ONE 24-HCUR PERIOD PER MISSION AT ANY GROUND, 
CELESTIAL, CR ORBITAL OBJECT WITHIN 4/-C.5 
DEGREES. PAYLOAD REQUIREMENTS IN EXCESS OF THIS 
CAPABILITY SHOULD eE PROVIDEC BY THE PAYLCAC CR 
EXPERIMENT SYSTEMS. 

REACTION CONTROL SYSTEM - FIGURE 2.4 SHOWS 
THRUSTER LOCAT ICNS IN THE WING TIP /NOSE 
CONFIGURATION. CURRENT THRUSTER SIZING YIELD THE 
STABILITY RATES INDICATED IN TABLE 2-V. 


TABLE 2-V - MINIMUM ANGULAR STABILITY RATES 


AXIS 

• 

STABILITY RATES 

FITCH 

« 

• 

9 

I TBC ) 

YAW 

t 

• 

I T8C) 

RCLL 

9 

(TBC) 
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2..A070Q PAYLCAC CHECKOUT 


PAYLCAO CHECKOUT PROVISIONS ARE COMPRISED CF 
MISSION SPECIALIST STATION CRT ANO KEYBOARD, 
COMPUTER FCR PAYLCAC MONITORING, STORED PROGRAM 
PROCESSOR, PAYLOAD PROVICEO REGIONAL ACCUISITION 
UNITS (RAU'S), RECORDERS, DISPLAYS AND CONTROLS, 
AND PAYLOAD COMMAND DECODER SUBUNITS, FIGURES 2,5 
ANO 2.6 SHOW THESE INTERFACES. THE COMPUTER 

PROVIDES FCR SOFTWARE, DATA PROCESSING, COMMAND 
AND CCNTPOL, DATA ACQUISITION, AND 01 SPLAY 

CAPABILITIES REQUIRED FOR PAYLOAD FUNCTIONAL 
ENO-TC-ENC CHECKOUT, ANO STATUS MGNITORING WHILE 
INSTALLED IN THE PAYLOAD BAY. 

DETAILED ACCEPTANCE TESTING OF EACH PAYLOAD ITEM 
IS PERFCRMEO PRIOR TO INSTALLATION. CHECKOUT CF 
THE PAYLOAD FOR PRELAUNCH OPERATIONS MAKES USE CF 
THE GROUND CHECKOUT EQUIPMENT AND THE CN BOARD 
CHECKOUT COMMAND CECCDER FOR HARDWIRED UPLINK 
COMMANDS. A HARDWIRED PCM DOWNLINK TO THE GROUND 
CHECKOUT EQUIPMENT IS ALSO PROVIDED FOR CHECKOUT 
DATA, WHICH IS INTERLEAVED WITH OR BITER SUBSYSTEM 
DATA. 

THE PHYSICAL INTERFACES TC THE PAYLCAO FOR 
INFLIGHT USE ARE THE RAU«S AND THE PAYLOAD COMMAND 
DECCCER SUeUNITS PROVIDED BY THE PAYLOAC. THIS 
ALLCWS FCR THE PAYLCAO TO BE COMMANDED FRCM THE 
GROUND VIA THE RF LINK OR THE ONBOARD PAYLCAC 
^MONITOR STATION THROUGH THE COMMAND CECOOER 
SUBUNIT. A KEYBOARD PERMITS THE MISSION 
SPECIALIST TC COMMUNICATE WITH THE COMPUTER, AND A 
CRT PERMITS THE DISPLAY OF PAYLOAC CHECKOUT DATA. 

CHECKOUT OATA ARE COLLECTED FROM THE PAYLCAC BY 
THE PAYLOAC RAU* S AND SENT TO THE STOREO PROGRAM 
PROCESSOR ISPP1. IT CAN THEN BE INTERLEAVED WITH 
ARBITER OCWNL INK PCM, ANO EITHER SENT TO THE 
GROUND VIA THE RF LINK OR RECORDED UNDER CERTAIN 
CIRCUMSTANCE CN A RECORDER. 

2.^070i PAYLCAC REGIONAL ACQUISITION UNIT (RAU) - THE 
PAYLCAC RAU INTERFACES THE PAYLOAC WITH THE STORED 
PROGRAM PROCESSOR tSPP). IT WILL SAMPLE THE 
PAYLCAO DATA OUTPUTS ON COMMAND FRCM THE SPP. THE 
DESIGN REQUIREMENTS FOR THE RAU ARE AS FOLLOWS- 

A. THE RAU INTERFACE WITH THE STOREO PROGRAM 
PROCESSOR UTILIZES PARTY LINE TECHNIQUES TO 
MINIMIZE THE AMOUNT OF INTERFACE WIRING 
REQUIRED. 
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Commander/Pitot Station 



Mission Specialist Station 


*Payload supplied 

Mission Specialist Station Interfaces 


FIGURE -2.5 
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ORBITER/PAYLOAD CHECKOUT OF INTERFACE 


Serial data or commands 


Payload narrowband 
checkout data 

Serial digital checkout 
commands and data 


FIGURE - 2.6 
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B. THE RAU ACCEPTS ANALOG ANO DIGITAL SIGNALS IK 
THE QUANTITIES, ANO MIXTURES EASED ON PAYLOAD 
MEASUREMENT REQUIREMENTS. 

C. THE RAU SAMPLES AND DIGITIZES PAYLOAD ANALOG 
SIGNALS TO THE ACCURACY REQUIRED BY THE 
COMPUTER ANC CTHER CATA USERS. 

D. THE RAU SAMPLES PAYLOAD CHECKOUT CATA AT 
SAMPLING RATES COMPATIBLE WITH THE COMPUTER 
ANC OTHER USER REQUIREMENTS. 

E. THE RAU IS PACKAGED TO OPERATE DURING ALL 
MISSION PHASES IN THE SAME ENVIRONMENT AS THE 
VEHICLE SUBSYSTEMS WITH WHICH IT INTERFACES. 

-t.iO/OZ PAYLCAC COMMAND CECCOEP SUBUNIT IPCDSI - A SERIAL 
DIGITAL LIKE IS PROVIDED FROM THE COMPUTER THROUGH 
THE PCCS. THIS ALLOWS THE PAYLOAD TO BE COMMANDED 
FROM THE GRCUNO CR FRCM THE MISSION SPECIALIST 
STATION KEYBOARD. THE PCDS PROVIDES STIMULI ANO 
COMMANDS TO THE PAYLOADS FOR OPERATION CR 

CHECKOUT. THE DESIGN REQUIREMENTS ARE AS FGLLOWS- 

A. ACCEPT SERIAL DIGITAL COMMANDS AND PROVIDE 

VERIFICATION CF CORRECT DIGITAL 

CCMMANDS/SECUENCES FROM THE COMPUTER 

B. BE CAPABLE CF SIMULTANEOUS COMMANC/ST IMLL I 
GENERATION, I.E., EMPLOY MULTIPLE PROGRAMA8LE 
FUNCTION GENERATORS 

C. PROVIDING AUTOMATIC, BUILT IN CALIBRATION 
MEANS UPCN COMMAND, VIA SERIAL DIGITAL DATA 
FRCM THE COMPUTER 

D. BE ENVIRONMENTALLY PACKAGED FOR THE PAYLOAD 
ENVIRONMENT 

30703 HARCWIRE INTERFACES - COAXIAL CABLES AND WIRES ARE 
PRCVICEC BETWEEN THE PAYLCAC INTERFACE AND THE 
MISSION SPECIALIST STATION IMSSI. THESE CAN BE 
USED FCR INTERFACING PAYLOAC PROVIDED DISPLAYS, 
RE COPCERS, CCNTRCLS, ET CETERA, INSTALLED IN THE 
CONSOLE AT THE MSS WITH PAYLOAOS. STANDARDIZED 
INTERFACE CONNECTORS ARE PROVIDED CN THESE WIRES* 
TIME CCDES AND SYNCHRONIZATION FREQUENCIES CAN BE 
MAOE AVAILABLE FROM TFE ORBITER CENTRAL TIMING 
UNIT, ANC TRANSMITTED TC THE PAYLOAD BY THESE 
INTERFACES. 
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2.30400 


*1.3040 i 


2«jQa02 


2.30403 


2.30404 


2. .?04Q5 


COMMON 1C AT IONS 


FIGURE 2.7 IS A SCHEMATIC DIAGRAM OF THE 
COMMUNICATIONS PROVISIONS. 

VOICE “ THE ORBITER AUDIO COMMUNICATIONS SYSTEM 
PROVIDES VOICE COMMUNICATIONS FOR PAYLOAD 


OPERATIONS AS 

FOLLOWS- 



A. 

TWO-WAY 

PAYLCAC 

VO ICE COMMUNICATIONS 
BAY ANC GROUND 

BETWEEN 

THE 

B. 

TWO-WAY 

STATICNS 

VOICE COMMUNICATIONS BETWEEN 
AND THE PAYLOAC BAY STATIONS 

CREW 


C. RACIO FREQUENCY IRF) VOICE COMMUNICATIONS 
BETWEEN RELEASED PAYLOADS ANC THE ORBITER 

6. EVA VCICE COMMUNICATIONS USED ONBOARD THE 
ORBITER OR RELAYED TO THE GROUND. TWO UNIQUE 
EVA CHANNELS ARE PROVIDED* WITH CONFERENCE 
CAPABILITY TC (T BC) ADDITIONAL EVA'S. 

WIDEBAND DATA - A HARDWIRED INTERFACE IS PROVIDED 
IN THE PAYLOAD BAY FOR TRANSMISSION OF REALTIME CR 
DELAYED WICEBANO PAYLOAO DATA TO THE GROUND. THIS 
LINK ACCOMMODATES UP TC 256,000 BITS PER SECCNC 
4BPS) CF DIGITAL CATA CR PROVIDES WIDEBAND ANALOG 
DATA. IN EITHER CASE, THE PAYLOAD PROVIDES THE 
NECESSARY EQUIPMENT TO INSURE THAT THE PAYLOAD 
OATA ARE COMPATIBLE WITH THE ORBITER TRANSMITTER. 

DIGITAL OATA - PAYLCAO PCM DATA FROM RAU'S IN THE 
PAYLCAO BAY CAN BE TRANSMITTED TO THE GROUND 
THROUGH THE STORED PROGRAM PROCESSOR ANC S-BAND 
TRANSMITTER. UP TC 25.C0C BPS OF PAYLOAD CATA CAN 
BE TRANSMITTED TO THE C-RCUNO BY THIS METHOD. DATA 
FRCM RELEASEC PAYLOADS UP TC 2,CC0 BPS CAN BE 
RECEIVED BY THE ORBITER SYSTEM FOR RELAY TO THE 
GROUND, CR FCR TRANSMISSION TO THE COMPUTER USED 
FOR PAYLCAC MONITORING. 

TELEVISION (TV) - TWC COAXIAL INTERFACES ARE 
PRCVIDEC IN THE PAYLOAC BAY FOR TRANSMISSION CF 
PAYLCAC TV VIDEO SIGNALS TC THE GROUND, OR 10 THE 
VIDEO DISPLAYS AT THE PAYLCAC HANDLER STATION. 

UPLINK COMMANDS/ CATA - INFLIGHT UPLINK INFORMATION 
FOR ATTACHED PAYLOADS IS ROUTED TO THE COMPUTER 
FRCM THE S-BAND UPLINK COMMAND DECODER. THIS 
INFORMATION IS RELAYED TO THE PAYLOAD VIA A SERIAL 
DIGITAL INTERFACE TC THE PCOS. IN ADDITION, THIS 
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ORBITER/PAYLOAD COMMUNICATIONS 
INTERFACE 


FIGURE - 2.7 
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INFORMATION CAN BE RELAYED TO RELEASE PAYLOADS ILP 
TO A RANGE OF TBC PILES) VIA RF, UP TO 2, COO BPS, 
COMPANDS ORIGINATED IN THE CRBITER CAN ALSO BE 
TRANSMITTED TO THE RELEASED PAYLOADS BY THE SAME 
MEANS. THIS LINK INCLUDES A COMMAND CONFIRMATION 
CAPABILITY. 


2.*Q9Q0 CREW SYSTEMS 


2. *0901 SUPPORTS AND RESTRAINTS - MOBILITY AIDS ARE 
PROVIDED IN THE PAYLOAD BAY AND ORBITER STRUCTURE • 
THESE MOBILITY AIDS INCLUOE STRATEGICALLY LOCATED 
HANCFCLDS, TETHER-ATTACHMENT POINTS, AND FOCT 
RESTRAINTS AT WORK AREAS. SIMILAR MOBILITY AICS 
SHOULD BE PROVIDED ON PAYLOADS WHICH REQUIRE CREW 
OPERATIONS SUCH AS MAINTENANCE, INSPECTION , 
DEPLOYMENT, OR HABITATION. 

2. *0902 EVA SUPPORT EQUIPMENT - THE EVA CAPABILITY FCR A 

MINIMUM CF TWO CREWMEN IS PROVIDED BY THE ORBITER. 
TO SUPPORT EVA, THE ORBITER HAS AN AIRLCCK, EVA 
EQUIPMENT STORAGE AND CONNING AREA, EXTRAVEHICULAR 
LIFE SUPPORT SYSTEM CEVLSS) RECHARGING STATION, 
CREW MOBILITY AIDS, AND THE NECESSARY 
COMMUNICATION CIRCUITS AND MONITORING SYSTEMS FCR 
CN-CPBIT CPERAT IONS. THE EVA EQUIPMENT AND 
EXPENDABLES ARE AVAILABLE, AND ARE CHARGEABLE TC 
THE PAYLCAC. THIS EVA EQUIPMENT INCLUDES - ID 
PRESSURE GARMENT ASSEMBLIES IPGA'S) 12) EVLSS»% 
J3) MANEUVERING SYSTEMS, 14) TOOL KITS, 15) 
RESTRAINTS, AND 16) PORTABLE LIGHTS. STANDARD 
TOOLS AND A TORQUING DEVICE ARE INCLUDED IN THE 
TCCL KIT. SPECIALIZED TOOLS ANO TOOL ACAPTERS ARE 
PROVIDEC BY THE PAYLOAD. 

2.*Q903 EVA CESIGN CCNS I DERAT I CNS - THE FOLLOWING ITEMS 
MUST BE CCNSIOEREC IN PAYLOAD DESIGN TC ENSURE 
COMPATIBILITY WITH THE EVA CREWMAN TC OBTAIN 
MAXIMUM UTILITY FROM TIME SPENT IN EVA. 

A. HANCHCLDS OP GUIDERAILS ARE PROVIDED ALCNG 
THE EVA TRAVERSE WHEREVER POSSIBLE. 

B. FCCT RESTRAINTS AND TETHER— HCCK ATTACH POINTS 
ARE PROVIDEC AT WORK STATIONS OR WHEREVER 
PULLING, PUSHING, CR TORQUING ACTIONS ARE 
RECUIREC. 

C. MAXIMUM FORCE ANO TORQUE CAPABILITIES FOR THE 
RESTRAINED EVA CREWMEN ARE- 
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30904 


2.30903 


c. 30906 


TCRCUE - (TBDI FT-LBS 

FCRCE PULL - (TBDi LBS 
FORCE PUSH - (TED) LBS 

D. REACH MOBILITY AND VISIBILITY ARE CONSIDERED 
IN WORK STATION DESIGN. TOOLS AND CONTROLS 
MUST EE COMPATIBLE KITH THE GLOVED HAND. 

E. MAXIMUM ENVELOPE DIMENSIONS OF THE PGA/PLSS 
ARE SHOWN IN FIGURE 2.8. 

F. LIGHTING LEVELS ARE COMPATIBLE WITH THE TASKS 
TO BE PERFORMED. 

G. SHARP OR DANGEROUS OBJECTS ARE ELIMINATED 
FROM THE EVA ROUTE. 

PAYLCAD WEIGHT WHICH CAN BE TRANSFERRED BY THE 
CREWMAN IS DEPENDENT UPON THE PHYSICAL 

CONFIGURATION OF THE PAYLOAD AND THE METHOD OF 
TRANSFER. PAYLOAC TRANSFERS FROM THE PAYLCAO BAY 
TO AN EVA WORK STATION CAN BE ACCOMPLISHED BY THE 
CREWMAN CARRYING THE PAYLCAD TO THE WORK STATION, 
OR BY USING A TRANSFER DEVICE SUCH AS CLOTHESLINE 
TYPE CCNVEYOR. TC CARRY THE PAYLOAD TO THE WORK 
STATION, THE CREWMAN GRASPS THE PAYLOAD BY MEANS 
OF HANCHCLCS, OR ATTACHES THE PAYLCAD TO THE PGA 
OR OTHER EVA EQUIPMENT BY MEANS OF RESTRAINT 
DEVICES. 

EVA AIRLOCK - AN AIRLOCKIS) IS PROVIDED BY THE 
ORBITER WHICH ALLOWS DUAL EVA FROM THE ORBITER. 
THE AIRLCCK(S) PROVIDE IVA ACCESS TO THE PAYLOAD 
BAY WITH PAYLOAD COCRS CLOSED, AS WELL AS EXTERMAL 
TC THE ORBITER. THE EVA CAPABILITY EXISTS WITH OR 
WITHOUT AN ORBITAL ELEMENT ATTACHED TO THE DOCKING 
PORT. 

CREW COMPARTMENT /PAYLOAD BAY ACCESS - AN INTERNAL 
ACCESS BETWEEN THE CREW COMPARTMENT ANC THE 
PAYLCAD BAY IS DESIGNED IN THE ORBITER. THIS 
ACCESS ALLOWS SHIRTSLEEVE IVA TRANSFER CF 
PERSONNEL AND CARGO THROUGH A HATCH LOCATEO IN THE 
AFT SECTION OF THE CABIN TC A HABITABLE PAYLOAD 
MODULE IN THE PAYLOAD BAY. LOCATED WITHIN THE 
PRESSURIZEC VOLUME GF THIS INTERFACE ARE REOUNDANT 
POWER, C+W , DATA, CCMMUN ICATIONS, ANC FLUID 
INTERFACE CONNECTORS TC SUPPORT HABITABLE PAYLOADS 
IN THE PAYLOAC BAY. 

1 LLUP I NATION - THE ORBITER HAS LIGHTING SYSTEMS TC 
SUPPORT GR BITER/ PAYLOAC OPERATIONS EXTERNAL TO THE 
ORBITER, INSIDE THE PAYLOAD BAY, AND INSIDE THE 
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ENVELOPE DIMENSIONS FOR A SUITED PRESSURIZED MALE CREW MEMBER 






PERCENTILE (INCHES) 1 

DIMENSION 

5 

95 

A - HEIGHT 

68.7 

76.8 

B - MAX BREADTH AT ELBOWS (ARMS RELAXED) 

* 

29.4 

C - MAX BREADTH AT ELBOWS (ARMS AT SIDE) 

* 

26.4 

D - MAX DEPTH WITH PORTABLE LIFE SUPPORT SYSTEM 

26.0 

28.4 

(PLSS) & BACKUP OXYGEN (OPS) 

- 


E - MAX DEPTH WITHOUT PLSS/OPS 

15.5 

17.9 

WEIGHT (POUNDS), WITH PLSS/OPS 

331.7 

404.6 

WEIGHT (POUNDS), WITHOUT PLSS/OPS 

206.2 

278.9 


^INDICATES DATA NOT AVAILABLE 

FOR DIMENSIONS D & E 2 INCHES HAVE BEEN ADDED TO MAXIMUM CHEST OF SUITED/PRESSURIZED 
CREWMAN FOR PLSS CONTROL BOX TO OBTAIN ENVELOPE DIMENSIONS 
MEASUREMENTS MADE ON A7L PGA, PRESSURIZED TO 3.75 PSIG 


PGA/PLSS DIMENSIONS 




FIGURE - 2.8 
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CREW CCMPAPTMENT . THE EXTERNAL LIGHTING SYSTEM 
PRGV IDES ILLUMINATION FOR PAYLOAD DEPLOYMENT, 
DOCKING, AND RETRIEVAL OPERATIONS. PAYLOAD BAY 
ILLUMINATION IS AVAILABLE FOR PAYLOAD INSPECTION, 
ATTACHED PAYLOAD OPERATIONS, PAYLOAD LATCH ING, AND 
PAYLOAD RELEASE. THE LIGHTING SYSTEM WITHIN THE 
CABIN ILLUMINATES THE PAYLOAC DISPLAY AND CONTROL 
STATION AT LEVELS WHICH ARE CONSISTENT WITH THE 
CREW COMPARTMENT ILLUMINATION REQUIREMENTS. 


2.31U0U ENVIRONMENTAL CONTPCL/LIFE SUPPORT SYSTEM 


*.31001 SYSTEM CAPABILITIES - THE OR BITER ENVIRONMENTAL 
CONTRCL/LI FE SUPPORT SYSTEM (ECLSS) BASELINE IS 
DESIGNED TC ACCOMMODATE A CREW OF FOUR FOR A 
MISSION OURATION OF 7 CAYS. THIS SYSTEM HAS THE 
CAPABILITY TO ACCCMMCCAT E UP TO 42 MAN-DAYS 
WITHOUT SYSTEM CHANGES. WITH MINOR CHANGES, SIX 
ADDITIONAL PEOPLE CAN eE ACCOMMODATED WITH SLIGHT 
INCREASES IN ATMOSPHERIC DRY BULB TEMPERATURE, 
HUMICITY, AND CARBON DIOXIDE CONTENT. 

2.31002 ATMCSPHERE SUPPLY AND PRESSURE CONTROL - THIS 

SYSTEM IS DESIGNED TO CONTROL AND MAINTAIN 

AUTOMATICALLY A TWO-GAS, SEA LEVEL ECLIVALENT 
ATMCSPHERE 114.7 PSIA, 80-PERCENT NITROGEN, 
20-PERCENT OXYGENI WITHIN THE ORBITER CABIN AND 
HABITABLE PAYLOAC MODULES. 

THE WEIGHT OF ACCITICNAL ATMOSPHERE STORAGE 
EQLIPMENT AND EXPENDABLES TC SUPPORT MISSIONS 
BEYOND 28 MAN-DAYS ARE CHARGED TC THE PAYLOAC. 
THE PAYLOAC SHOULD NOT INTRODUCE ACDIT IONAL OXYGEN 
OR NITRCGEN INTO THE HABITABLE ATMOSPHERE. 

2.31003 ACTIVE THERMAL CONTROL - THE ORBITER ACTIVE 

THERMAL CONTROL SUBSYSTEM PROVIDES INTERFACE HEAT 
EXCHANGERS TC REJECT PAYLOAD WASTE HEAT TO THE 
ORBITER HEAT REJECTION EQUIPMENT. THIS SUBSYSTEM 

IS CAPABLE GF TRANSFERRING PAYLOAD WASTE HEAT LP 
TO 5200 8TU/HR DURING PEAK ORBITER OPERATIONS, AND 
ITBDI BTU/HR DURING ON-ORBIT COAST PERIODS. 

SUPPLEMENTARY CN-CReiT HEAT REJECTION IS PROVIDED 
BY CRBITEP WATER EVAPORATION OR BY PAYLOAD 

SUPPLIEC HEAT REJECTION SYSTEMS. THE PAYLOAC IS 
ALSC RESPONSIBLE FCR PROVIDING THE PAYLCAO HEAT 
TRANSPORT THERMAL CONTROL SYSTEM AND HARDWARE TC 
INTERFACE WITH THE ORBITER ACTIVE THERMAL CONTRCL 
SUBSYSTEM INTERFACE HEAT EXCHANGER. 
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2. 31004 

2.31100 

2.31101 

2.31102 

2.31103 

2.31104 


WASTE MANAGEMENT - ALL SOLID AND LIQUID WASTE 
PRODUCTS APE STORED ONBOARD FOR RETURN TO EARTH, 
HOWEVER, AN OVERBCARC LIQUID DUMP SYSTEM IS 
PROVIDED AS A CONTINGENCY MEASURE. WASTE WATER 
FRCM PAYLCAC EXPERIMENTS CR OPERATIONS IS 
PROCESSED AND/OR STORED EY THE PAYLOAD. 


PAYLCAC BAY ENVIRONMENT 


ACOUSTIC - THE ORE ITER PAYLOAO BAY INTERIOR SOUND 
PRESSURE LEVEL WILL NOT EXCEED 145 DB. 

VIBRATION - VIBRATION ENVIRONMENT WITHIN THE 
PAYLCAC E AY WILL NOT EXCEED CURRENT LAUNCH VEHICLE 
PAYLCAC ENVIRONMENTS. 

SHOCK - ORBITER/EOOSTER SEPARATION AND CRBITER 
LANDING ARE EXPECTED TO INDUCE SHORT DURATION 
SHOCK TO THE PAYLOADS. 

FLIGHT ACCELERATION LOADS - THE SHUTTLE FLIGHT 
ACCELERATION LOACS ARE GIVEN IN TABLE 2-VI FOR THE 
VARIOUS FLIGHT PHASES. THESE LOAD FACTORS INCLUDE 
THE DYNAMIC INDUCED LOADS, AND CARRY THE SIGNS OF 
EXTERNALLY APPLIED LOACS. 
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TAbLE 2- VI - PRELI PINARY LIMIT LCAD FACTORS FOR PAYLOAD 


« 

•CUNUl T 1 ON 

i 

NX 

(6) • NY 

( G I • 

NZ 

IGI • 

STEADY 

•DYNAMIC* STEADY 

•DYNAMIC* 

STEADY 

•DYNAMIC* 

a_ a 

•THRUST 
•bUILDUP/ 
•EMERuENCY 
•RE bUUNu 

t 

1.0 

a « 

a • 

• • 

•4/-1.0 * 

« t 

•♦/- .25* 

• 

i • 

« i 

a < 

•♦/- .25* 
a a 

•LAUNCH 
•RELEASE 
•IwITHlN 2 
•SEC. uf 
•release ) 

1.5 

a « 

l a 

« « 

a • 

•♦/-1.0 • ♦ /— 0 • 25 

t t 

• +/-0.5 • 

*/— 0.25 

a * 

• a 

• * 

< a 

• ♦ /— C . 5 * 

* a 

•lift-off 

•PLUS 5 SEC 

1.5 

• a 

• ♦/-0.25* 

• i 

• +/— 0.25 • 

♦0.25 

• a 

*♦/— C.25 • 

a a 

•MAX w FLT 

•REuIUN 

• 

2.0 

• a 

• +/-0.25* ♦/-0.5 

« a 

• • 

*♦/— 0.25 • 

♦ C.8 
—0.4 

• t 

•♦/— 0. 25 * 

• a 

« • 

* AIMUSPH ERE 

• AbuKT 
a 

2.0 

a a 

« ♦/— 0.25* +/-0.5 

• * 

f a 

• ♦/-0.25* 

♦ 0.8 
-0.4 

• • 

•♦/-0.25 s 

* a 

• a 

•bOUST FLT 
•(MAX AC- 
•uELERATION 
'PRIOR TO 
•CUTOFF! 

3.0 

■ • 

a • 

a • 

f « 

• -*7-0.25 *♦/— 0.2 

a a 

• +/-0.25 • 

♦/-0.3 

• a 

• a 

a a 

•♦/— 0. 25 • 

a a 

•bOuSTEK 

•CUTOFF/ 

•SEPARATION 

1.0 

9 • 

« « 

•♦/-l. 5 1 ♦/— 0 *2 
« • 

•♦/-1.0 • 

♦/— 0.3 

• 9 

« 9 

•4/-1.C 1 

• « 

• QKbl T Ek 
• bUUST 

3.0 

• • 

• ♦/-<>. 25«*/-0 .2 

• • 

* ♦/-0.25 • 

♦0.6 

9 9 

9 9 

•kt-ENTRY 

-1.0 

• - • + /-0. 5 

« • 

•♦/-0.25* 

-3.0 

• ♦ /— C . 5 • 

9 9 

•FLYOACK 

-0.2 

• ♦/-0«25 i ♦/— 1*0 

• 9 

• + /-0.25* 

♦/-2. 5 

C.25 f 

9 9 

•lANUI No/ 
•TAXIiNO/ 
•bkAKl NO 

-1.0 

* * 

a a 

• - •♦/— 0.5 

• +/-0 . 25 • 

— 3. C 

a a 

a a 

• ♦ /— C • 5 • 


z. jlios 


2. JUOt> 


2.JHQ7 
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PAYLCAC fi AY ATMOSPHERE - THE ORBITER PAYLCAD BAY 
CAN BE ATMCSPHER IC CONTROLLED INDEPENDENT CF OTHER 
PARTS CF THE ORBITER STRUCTURE WHILE ON THE LAUNCH 
PAC- THIS PROVISION ALLOWS THE CONTROL OF THE 
TEMPERATURE, HUMIDITY, ATMOSPHERE COMPOSITION, ANC 
PARTICLE CONTAMINATION OF THE PAYLOAD BAY BY THE 
USE CF LAUNCH SITE GSE. 

THE CRBITER PAYLOAD E AY IS VENTED DURING THE 
LAUNCH AND ENTRY PHASES, ANO OPERATES 
UNPRESSUR I Z EC DURING THE ORBITAL PHASE OF THE 
MISSION. THE PRESSURE ENVIRONMENT CURVES FOR THE 
LAUNCH ANO ENTRY PHASES ARE SHOWN IN FIGURE 2.S. 

CONTAMINATION - CONTAMINATION OF THE PAYLOAD IS 
MINIMIZED THROUGH CONTROLLED VENTING, MATERIAL 
CONTROL, ANC PRELAUNCH ATMOSPHERIC CONTROL. 
ATTITUDE CONTROL SYSTEM THRUSTERS ARE DESIGNED TO 
PREVENT PLUME IMPINGEMENT ON THE PAYLCAD OR 
PAYLCAC BAY. 

THERMAL ENVIRONMENT AND CONTROL - THE 
DETERMINATION OF PAYLOAD TEMPERATURE ANC 
TEMPERATURE ENVIRONMENTS WHICH THE PAYLCAD WILL 
ACTUALLY EXPERIENCE IN THE PAYLOAD BAY REQUIRES 
KNOWLEDGE OF THE SPECIFIC MISSION ENVIRONMENT FRGM 
BOOST THROUGH ENTRY, THE TYPE OF THERMAL CONTROL 
PRCVICEC BY THE SHUTTLE VEHICLE ANC THE PAYLOAD, 
AND THE PAYLOAD BAY AND PAYLOAD THERMAL 
CHARACTERISTICS. TO OBTAIN THIS INFORMATION 
REQUIRES DETAILEC KNOWLEDGE CF THE ACTUAL SHUTTLE 
AND PAYLCAC DESIGN, AS WELL AS THE SPECIFIC 
INFLIGHT ORIENT AT ICNS WHICH PROBABLY WILL VARY FCR 
EACH DIFFERENT HISSICN OBJECTIVE. AS SHUTTLE 
PAYLCAC BAY AND PAYLOAD THERMAL DESIGN CRITERIA IS 
CURRENTLY ENVISIONED, THE FOLLOWING DESIGN 
REQUIREMENTS HAVE BEEN IMPOSED CN THE SHUTTLE 
VEHICLE THERMAL DESIGN. 

THE INTERNAL WALL TEMPERATURE LIMITS FOR THE 
PAYLCAC BAY, NOT CONSIDERING PAYLCAO HEAT ADDITION 
OR REMOVAL SHALL REMAIN WITHIN THE RANGES NOTEO IN 
THE FCLLCWING TAELE- 
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FIGURE - 2.9 
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CONDITION MINIMUM l F) MAXIMUM ( FI 


PKELAUNLH 


♦ AO 

♦ 120 

LAUNCH 


♦ AO 

♦ 150 

UN— URb I T 

IDOCR— CLOSED) 

-ICO 

♦ 150 

ENTRY AND 

POST LANCING 

-100 

♦ 200 


AS AN CNi-OPB IT THERMAL CCNTROL POINT-DESIGN FOR 
SIZING THE NOMINAL PAYLOAC PASSIVE THERMAL CONTROL 
PROVIDED BY THE GRBITER, THE PAYLOAD BAY IS 
DESIGNED TO LIMIT THE NET HEAT LEAK INTO OR OUT OF 
A 100-CEGREE FAHRENHEIT CONSTANT TEMPERATURE 
PAYLOAD TO 3 BTU/HR/SQUARE FOOT* WITH THE PAYLCAD 
DOORS CLOSED UNDER WORST-CASE ORBITAL 
ORIENTATIONS. 

PROVISIONS ARE INCORPORATED IN THE PAYLCAD 
BAY-WALL DESIGN FOR ATTACHMENT AND REMOVAL OF 
PASSIVE THERMAL CONTROL IN MODULAR FORM TO MEET 
VARIABLE PAYLOAD THERMAL CONTROL REQUIREMENTS. 

THE TEMPERATURE LIMITS SPECIFIED FOR THE 
PRELAUNCH, LAUNCH, AND ENTRY PHASES PRCVIDE A 
DESIGN ENVIRONMENT INTERFACE BETWEEN THE PAYLOAD 
AND FAYLCAC BAY, WHICH REPRESENTS CONSERVATIVE 
PAYLCAD BAY-WALL ENVIRCNMENT TEMPERATURES FOR A 
PASSIVE PAYLCAD. BECAUSE OF THE VARIABLE NATURE 
OF THE ON-CRBIT PAYLOAD BAY THERMAL CONTROL 
REQUIREMENTS, CAUSED BY VARIATIONS IN THE ORBIT 
THERMAL ENVIRONMENT AND PAYLOAD THERMAL 
REQUIREMENTS, FLEXIBILITY IN MEETING THESE 
WAR I AT ICNS IS PRCVIOED BY REMOVAL AND PLACEMENT CF 
DIFFERENT PASSIVE INSULATION SYSTEMS AS REQUIREC. 
AN CN-CRBIT POINT DESIGN REQUIREMENT PROVIDES FCR 
NOMINAL PAYLCAD BAY PASSIVE THERMAL CONTROL IN THE 
PAYLCAD BAY DESIGN. 

IF THE PAYLOAD BAY CANNOT BE PASSIVELY CONTROLLED, 
PROVISIONS FOR LIMITED ACTIVE THERMAL CONTROL CF 
THE PAYLOAC IS AVAILABLE FROM THE SHUTTLE GRBITER. 
ACTIVE PAYLCAD THERMAL CONTROL IS SUPPLIED BY THE 
ORBITER ACTIVE FLUID LCCP SYSTEM THROUGH A HEAT 
EXCHANGER IN THE ORBITER TO SUPPORT THE PAYLOAD IN 
THE PAYLCAD BAY. THE HEAT TRANSFER CAPACITY FCR 
PAYLCADS EQUIPMENT IS- 
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A. PEAK CAPACITY OF 5200 BTU/HR DURING PEAK 
CRBITER OPERATIONS 

B. PEAK CAPACITY OF (TBD) BTU/HR DURING ON-ORBIT 
CCAST PERIODS 

SINCE A RIM MUM ENERGY ALLOWANCE OF 50 KMH IS 
PRC V I DEC BY THE CRBITER ELECTRICAL POWER SYSTEM 
FOR PAYLCAC SUPPORT « A PORTION OF THIS POWER CAN 
BE UTILIZED FOR ACTIVE HEATER THERMAL CONTROL* 
DEPENDING UPON OTHER PAYLOAD ELECTRICAL POWER 
RETIREMENTS. 

Qo RADIATION - RADIOACTIVE SOURCES ON THE ORBITER ARE 
CONTROLLED TO REDUCE STRAY SIGNAL SOURCES 10 
EXPERIMENTS OR PAYLOADS CARRIED BY THE CRBITER. 
PAYLCAD SUPPLIEO RADIOACTIVE SOURCES ARE APPROVED 
THROUGH THE CRBITER INTEGRATION CENTER IMSC) TC 
MEET ALL FLIGHT AND SAFETY REQUIREMENTS. 
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2.400 

2.40100 

2.40101 

2. 40102 
*.40103 

2.40104 

2.40105 

2.40106 

<t.40ZQ0 

2.40201 


SAFETY, RELIABILITY, AND QUALITY ASSURANCE 


SHUTTLE CAPABILITIES 


A8CRTS - TFE SHUTTLE IS DESIGNED TO PROVIOE SAFE 
MISSION TERMINATION CAPABILITY FOR ALL FLIGHT 
REGIMES. SAFE MISSION TERMINATION INCLUDES THE 
INTACT RETURN OF PAYLOADS TO EARTH. 

CREW ANC PASSENGER EGRESS - EMERGENCY EGRESS 
CAPAEILITY FOR THE CR Eh ANC PASSENGERS IS PROVIOEC 
FOR PRELAUNCH AND PCSTLANDING OPERATIONS. 

CAUTION ANC WARNING - THE SHUTTLE PROVIDES A 
CAUTION ANC WARNING SYSTEM FOR PROCESSING AND 
DISPLAYING CRITICAL PAYLOAD DATA. SEE SECTION 
2.30400 FOR A DESCRIPTION OF THE CAUTION ANC 
WARNING SYSTEM. 

PAYLOAD CONTROL - THE SHUTTLE PROVIDES A LIMITED 
HARDWARE ANO RF CONTROL CAPABILITY TO PROVIDE 
CORRECTIVE MEANS TO CIRCUMVENT CATASTROPHIC EVENTS 
FROM OCCURRING, ANC FOR ACTIVATION AND 
DEACTIVATION OF PAYLOAD SYSTEMS. SEE SECTIONS 
2.30700 ANC 2.30e0C FOR MORE DETAILS. 

DUMPS ANO VENTS - THE CAPABILITY TO DUMP LIQUIDS 
AND VENT GASES IS PROVIDED. INTERCONNECTS TO THE 
DUMP ANC VENTING SYSTEMS ARE AVAILABLE TC SAFELY 
REMOVE LIQUIDS ANC GASES FROM THE PAYLOAO BAY, If 
REGUIREC. 

PURGE - A NITROGEN PURGE CAPABILITY IS PROVIDED 
FOR INERTING THE PAYLOAD BAY PRIOR TO LAUNCH. 


PAYLCAC 


PURPOSE ANC SCOPE - THE FIRST INTENT OF THIS 
SECTION IS TC DEFINE MINIMUM SAFETY, RELIABILITY, 
ANC CUALITY ASSURANCE REQUIREMENTS TO BE INVOKED 
ON PAYLOAD SUPPLIERS. THESE REQUIREMENTS 
CONSIDER PRIMARILY THE SAFETY, RELIABILITY, ANO 
QUALITY ASSURANCE CF PAYLOAD HAZARDS, THE NORMAL 
OPERATION CR FAILURE OF WHICH COULC CAUSE HAZARDS 
TO PERSONNEL, OR DAMAGE TC THE SHUTTLE SYSTEM, 
RELATED FACILITIES, OR OTHER PAYLOAO ELEMENTS. 
SECOND, THE COMPATIBILITY OF THE PAYLOAD WITH THE 
SHUTTLE INTERFACES IS ALSO A CONCERN. 
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GENERAL REQUIREMENTS - THE PAYLCAO SUPPLIER IS 

RESPCNSI BLE FOR THE FOLLOWING SAFETY* RELIABILITY, 

ANC QUALITY ASSURANCE ACTIVITIES- 

A. THE DETERMINATION OF THE HAZARDOUS ASPECTS OF 
HIS PAYLOAD AND THE IMPLEMENTATION OF 
RECU1REC CORRECTIVE MEASURES. 

8. ASSURANCE OF THE COMPATIBILITY OF HIS PAYLOAD 
WITH THE SHUTTLE INTERFACES. 

C. IDENTIFICATION TC NASA QF THE UNRESOLVED 

RESIDUAL HAZARDS AND INTERFACE 

INCOMPATIBILITIES PRIOR TO NASA APPROVAL CF 
HIS PAYLCAD. 

D. THE ON-ORBIT FUNCTIONAL RELIABILITY, QUALITY, 
AND SAFETY OF HIS PAYLOAD. 


* U.S. GOVERNMENT PRINTING OFFICE: 1972 — 779 - 467/145 



